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*UD\ DQG :KLWH 0DWWHU 'LVWULEXWLRQ LQ '\VOH[LD $ 9%0
6WXG\ RI 6XSHULRU 7HPSRUDO *\UXV $V\PPHWU\
0DUMRULH 'ROH1 )DQQ\ 0HXQLHU 0LFKHO +RHQ
1 /DERUDWRLUH GH 3V\FKRORJLH HW 1HXUR&RJQLWLRQ &156 805 10 XQLYHUVLWp 3LHUUH 0HQGqV )UDQFH *UHQREOH )UDQFH  /& &156 805 0 ,QVWLWXW GHV
6FLHQFHV &RJQLWLYHV /\RQ )UDQFH  ,16(50 810 /\RQ 1HXURVFLHQFH 5HVHDUFK &HQWHU %UDLQ '\QDPLFV DQG &RJQLWLRQ 7HDP /\RQ )UDQFH  &156 805
 /\RQ 1HXURVFLHQFH 5HVHDUFK &HQWHU %UDLQ '\QDPLFV DQG &RJQLWLRQ 7HDP /\RQ )UDQFH  8QLYHUVLWp GH /\RQ 8QLYHUVLWp /\RQ 1 /\RQ )UDQFH
$EVWUDFW
,Q WKH SUHVHQW VWXG\ ZH LQYHVWLJDWHG EUDLQ PRUSKRORJLFDO VLJQDWXUHV RI G\VOH[LD E\ XVLQJ D YR[HOEDVHG DV\PPHWU\
DQDO\VLV '\VOH[LD LV D GHYHORSPHQWDO GLVRUGHU WKDW DIIHFWV WKH DFTXLVLWLRQ RI UHDGLQJ DQG VSHOOLQJ DELOLWLHV DQG LV
DVVRFLDWHG ZLWK D SKRQRORJLFDO GHILFLW 6SHHFK SHUFHSWLRQ GLVDELOLWLHV KDYH EHHQ DVVRFLDWHG ZLWK WKLV GHILFLW
SDUWLFXODUO\ ZKHQ OLVWHQLQJ FRQGLWLRQV DUH FKDOOHQJLQJ VXFK DV LQ QRLV\ HQYLURQPHQWV 7KHVH GHILFLWV DUH DVVRFLDWHG
ZLWK NQRZQ QHXURSK\VLRORJLFDO FRUUHODWHV VXFK DV D UHGXFWLRQ LQ WKH IXQFWLRQDO DFWLYDWLRQ RU D PRGLILFDWLRQ RI
IXQFWLRQDO DV\PPHWU\ LQ WKH FRUWLFDO UHJLRQV LQYROYHG LQ VSHHFK SURFHVVLQJ VXFK DV WKH ELODWHUDO VXSHULRU WHPSRUDO
DUHDV 7KHVH IXQFWLRQDO GHILFLWV KDYH EHHQ DVVRFLDWHG ZLWK PDFURVFRSLF PRUSKRORJLFDO DEQRUPDOLWLHV ZKLFK
SRWHQWLDOO\ LQFOXGH D UHGXFWLRQ LQ JUD\ DQG ZKLWH PDWWHU YROXPHV FRPELQHG ZLWK PRGLILFDWLRQV RI WKH OHIWZDUG
DV\PPHWU\ DORQJ WKH SHULV\OYLDQ DUHDV 7KH SXUSRVH RI WKLV VWXG\ ZDV WR LQYHVWLJDWH JUD\ZKLWH PDWWHU GLVWULEXWLRQ
DV\PPHWULHV LQ G\VOH[LF DGXOWV XVLQJ DXWRPDWHG LPDJH SURFHVVLQJ GHULYHG IURP WKH YR[HOEDVHG PRUSKRPHWU\
WHFKQLTXH &RUUHODWLRQV ZLWK VSHHFKLQQRLVH SHUFHSWLRQ DELOLWLHV ZHUH DOVR LQYHVWLJDWHG 7KH UHVXOWV FRQILUPHG WKH
SUHVHQFH RI JUD\ PDWWHU GLVWULEXWLRQ DEQRUPDOLWLHV LQ WKH VXSHULRU WHPSRUDO J\UXV 67* DQG WKH VXSHULRU WHPSRUDO
6XOFXV 676 LQ LQGLYLGXDOV ZLWK G\VOH[LD 6SHFLILFDOO\ WKH JUD\ PDWWHU RI DGXOWV ZLWK G\VOH[LD ZDV V\PPHWULFDOO\
GLVWULEXWHG RYHU RQH SDUWLFXODU UHJLRQ RI WKH 676 WKH WHPSRUDO YRLFH DUHD ZKHUHDV QRUPDO UHDGHUV VKRZHG D FOHDU
ULJKWZDUG JUD\ PDWWHU DV\PPHWU\ LQ WKLV DUHD :H DOVR LGHQWLILHG D UHJLRQ LQ WKH OHIW SRVWHULRU 67* LQ ZKLFK WKH ZKLWH
PDWWHU GLVWULEXWLRQ DV\PPHWU\ ZDV FRUUHODWHG WR VSHHFKLQQRLVH FRPSUHKHQVLRQ DELOLWLHV LQ G\VOH[LF DGXOWV 7KHVH
UHVXOWV SURYLGH IXUWKHU LQIRUPDWLRQ FRQFHUQLQJ WKH PRUSKRORJLFDO DOWHUDWLRQV REVHUYHG LQ G\VOH[LD UHYHDOLQJ WKH
SUHVHQFH RI ERWK JUD\ DQG ZKLWH PDWWHU GLVWULEXWLRQ DQRPDOLHV DQG WKH SRWHQWLDO LQYROYHPHQW RI WKHVH GHIHFWV LQ
VSHHFKLQQRLVH GHILFLWV
&LWDWLRQ 'ROH 0 0HXQLHU ) +RHQ 0 01 *UD\ DQG :KLWH 0DWWHU 'LVWULEXWLRQ LQ '\VOH[LD $ 9%0 6WXG\ RI 6XSHULRU 7HPSRUDO *\UXV $V\PPHWU\ 3/R6
21( 10 H GRL1011MRXUQDOSRQH00
(GLWRU (PPDQXHO $QGUHDV 6WDPDWDNLV 8QLYHUVLW\ 2I &DPEULGJH 8QLWHG .LQJGRP
5HFHLYHG -XO\ 1 01 $FFHSWHG 6HSWHPEHU  01 3XEOLVKHG 2FWREHU 1 01
&RS\ULJKW  01 'ROH HW DO 7KLV LV DQ RSHQDFFHVV DUWLFOH GLVWULEXWHG XQGHU WKH WHUPV RI WKH &UHDWLYH &RPPRQV $WWULEXWLRQ /LFHQVH ZKLFK SHUPLWV
XQUHVWULFWHG XVH GLVWULEXWLRQ DQG UHSURGXFWLRQ LQ DQ\ PHGLXP SURYLGHG WKH RULJLQDO DXWKRU DQG VRXUFH DUH FUHGLWHG
)XQGLQJ 7KH ILUVW DXWKRU LV IXQGHG E\ D 3K' JUDQW IURP WKH 5K{QH$OSHV 5HJLRQ )UDQFH DWWULEXWHG WKURXJK WKH &OXVWHU UpJLRQDO GH UHFKHUFKH +DQGLFDS
9LHLOOLVVHPHQW HW 1HXURVFLHQFHV 7KLV UHVHDUFK ZDV VXSSRUWHG E\ D (XURSHDQ 5HVHDUFK &RXQFLO JUDQW WR WKH 6SL1 SURMHFW Q0 7KH IXQGHUV KDG QR
UROH LQ VWXG\ GHVLJQ GDWD FROOHFWLRQ DQG DQDO\VLV GHFLVLRQ WR SXEOLVK RU SUHSDUDWLRQ RI WKH PDQXVFULSW
&RPSHWLQJ LQWHUHVWV 7KH DXWKRUV KDYH GHFODUHG WKDW QR FRPSHWLQJ LQWHUHVWV H[LVW
 (PDLO PDUMRULHGROH#LVFFQUVIU
,QWURGXFWLRQ
'\VOH[LD LV D QHXURGHYHORSPHQWDO GLVRUGHU DIIHFWLQJ WKH
DFTXLVLWLRQ RI UHDGLQJ DQG VSHOOLQJ DELOLWLHV LQ WKH DEVHQFH RI
RWKHU QHXURORJLFDO GLVRUGHUV DQG GHVSLWH W\SLFDO LQWHOOLJHQFH
DQG D IDYRUDEOH VRFLRHGXFDWLRQDO HQYLURQPHQW >1@ $OWKRXJK LW
LV D GHYHORSPHQWDO GLVRUGHU WKH GLIILFXOWLHV DVVRFLDWHG ZLWK
G\VOH[LD DUH ORQJ ODVWLQJ DQG UHPDLQ WKURXJKRXW DGXOWKRRG
>@ ,W KDV EHHQ VXJJHVWHG WKDW G\VOH[LF FKLOGUHQ SUHVHQW D
GHILFLW LQ WKH SURFHVVLQJ RI SKRQRORJLFDO LQIRUPDWLRQ SUHYHQWLQJ
WKH HIILFLHQW DFTXLVLWLRQ RI SKRQHPHWRJUDSKHPH FRQYHUVLRQ
UXOHV 7KLV SKRQRORJLFDO GHILFLW LV PDQLIHVWHG WKURXJK UHGXFHG
SHUIRUPDQFH LQ WDVNV WKDW TXDQWLI\ SKRQRORJLFDO DZDUHQHVV
HJ UK\PH JDPHV RU SKRQHPH GHOHWLRQ WDVNV >@ GLIIHUHQW
DVSHFWV RI YHUEDO PHPRU\ >@ WKH UHSHWLWLRQ RI FRPSOH[
SVHXGRZRUGV RU UDUH ZRUGV >@ RU UDSLG DXWRPDWL]HG QDPLQJ
>@ $VVRFLDWHG ZLWK WKLV SKRQRORJLFDO GHILFLHQF\ VSHHFK
SHUFHSWLRQ LPSDLUPHQWV KDYH DOVR EHHQ UHSRUWHG LQ G\VOH[LD
$OWKRXJK GLIILFXOW WR GHPRQVWUDWH LQ RSWLPDO OLVWHQLQJ VLWXDWLRQV
WKHVH GHILFLWV DUH KLJKO\ UHSOLFDEOH ZKHQ VSHHFK PXVW EH
SHUFHLYHG LQ FKDOOHQJLQJ FRQGLWLRQV HJ ZKHQ PDVNHG E\
QRLVH >1@ 5HFHQWO\ ZH SUHVHQWHG VSHHFK LQ GLIIHUHQW
EDFNJURXQGV DQG XQGHU GLIIHUHQW OLVWHQLQJ FRQILJXUDWLRQV
VKRZLQJ WKDW WKH VHYHULW\ RI WKLV GHILFLW ZDV KLJKO\ GHSHQGHQW
RQ WKH W\SH RI QRLVH SUHVHQWHG LQ WKH EDFNJURXQG DQG WKH
OLVWHQLQJ FRQILJXUDWLRQ WHVWHG >1@ ,Q SDUWLFXODU WKH VSHHFKLQ
QRLVH FRPSUHKHQVLRQ GHILFLW RI G\VOH[LF DGXOWV ZDV VSHFLILFDOO\
REVHUYHG ZKHQ WKH FRQFXUUHQW VRXQG ZDV VSHHFK FRPSDUHG
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ZLWK RWKHU VSHHFKGHULYHG QRLVHV 7KLV REVHUYDWLRQ UHLQIRUFHV
WKH K\SRWKHVLV RI D VSHFLILF GLIILFXOW\ ZLWK WKH SURFHVVLQJ RI
VSHHFK LQIRUPDWLRQ LH SKRQRORJLFDO LQIRUPDWLRQ LQ G\VOH[LD
KRZHYHU WKH FHUHEUDO RULJLQV PHGLDWLQJ WKLV GHILFLW UHPDLQ
ODUJHO\ XQGHWHUPLQHG
,Q WKLV FRQWH[W GLIIHUHQW QHXURLPDJLQJ VWXGLHV KDYH VKRZQ
DQ DVVRFLDWLRQ EHWZHHQ EHKDYLRUDO GHILFLWV LQ G\VOH[LD DQG
XQGHUO\LQJ FHUHEUDO G\VIXQFWLRQV DQGRU PRUSKRORJLFDO
DQRPDOLHV LQ WKH FRUWLFDO UHJLRQV GLUHFWO\ LQYROYHG LQ UHDGLQJ RU
VSHHFK SURFHVVLQJ >11@ IRU D UHYLHZ VHH >1@ 7KH FHUHEUDO
QHWZRUN XQGHUO\LQJ SKRQRORJLFDO SURFHVVLQJ LV ZHOO NQRZQ 7KLV
QHWZRUN ODUJHO\ RYHUODSV ZLWK WKH PRUH JHQHUDO VSHHFK QHWZRUN
IRU UHYLHZV VHH >11@ DQG SULPDULO\ FRQFHUQV FRUWLFDO
UHJLRQV DORQJ WKH SRVWHULRU UHJLRQ RI WKH VXSHULRU WHPSRUDO
J\UXV 67* %URGPDQQ¶V DUHD %$  ZLWK D OHIWZDUG
IXQFWLRQDO DV\PPHWU\ RXWVLGH RI WKH SULPDU\ DQG VHFRQGDU\
DXGLWRU\ DUHDV %$1%$ 7KLV QHWZRUN DOVR FRQWDLQV WKH
SRVWHULRU UHJLRQ RI WKH LQIHULRU IURQWDO J\UXV ,)* %$  >0@
:KHQ G\VOH[LF LQGLYLGXDOV DUH FRPSDUHG ZLWK QRUPDO UHDGHUV LQ
I05, H[SHULPHQWV WKH REVHUYHG IXQFWLRQDO GLIIHUHQFHV PRVW
RIWHQ FRQVLVW RI K\SRDFWLYDWLRQV LQ WKHVH EUDLQ UHJLRQV RU LQ
UHJLRQV HQJDJHG LQ RWKHU DVSHFWV RI UHDGLQJ RU VSHHFK
SURFHVVLQJ VXFK DV WKH PHGLDO DQG LQIHULRU WHPSRUDO J\UL
07* ,7* RU WKH OHIW IXVLIRUP J\UXV ZKLFK DUH DOO LQYROYHG LQ
YLVXDO ZRUG UHFRJQLWLRQ >1@ %H\RQG WKH PDJQLWXGH RI WKH
FHUHEUDO DFWLYDWLRQV ZKLFK DUH GHFUHDVHG LQ G\VOH[LFV
DOWHUDWLRQV LQ WKH LQWHUKHPLVSKHULF GLVWULEXWLRQ RI IXQFWLRQDO
DFWLYDWLRQ LQVLGH WKH VSHHFKSURFHVVLQJ QHWZRUN ZHUH DOVR
UHSRUWHG 3DUWLFXODUO\ G\VOH[LFV RIWHQ VKRZ GHFUHDVHG
DFWLYDWLRQ LQ WKH OHIW KHPLVSKHUH >@ ZKLFK LV LQ VRPH
VWXGLHV HYHQ DVVRFLDWHG ZLWK LQFUHDVHG DFWLYDWLRQ LQ WKH
KRPRORJRXV ULJKW KHPLVSKHUH >@ 7KHVH REVHUYDWLRQV PLJKW
UHIOHFW WKH IXQFWLRQDO KHPLVSKHULF VSHFLDOL]DWLRQ RI ODQJXDJH
UHODWHG QHWZRUNV ZKLFK DUH KLJKO\ VSHFLDOL]HG WRZDUGV WKH OHIW
FRUWLFDO KHPLVSKHUH LQ W\SLFDO SDUWLFLSDQWV VKRZLQJ PRUH
LQWHULQGLYLGXDO YDULDELOLW\ LQ G\VOH[LFV DQG OHVV DV\PPHWU\ LQ
JHQHUDO &RQVLVWHQW ZLWK WKLV LGHD DW\SLFDO IXQFWLRQDO
DV\PPHWU\ SDWWHUQV KDYH EHHQ REVHUYHG LQ G\VOH[LFV RU LQ
FKLOGUHQ ZLWK UHDGLQJ GLVDELOLWLHV DW SULPDU\ VWDJHV RI DXGLWRU\
SURFHVVLQJ SDWKZD\V VXFK DV LQ WKH DXGLWRU\ EUDLQVWHP >@ RU
WKH SULPDU\ DXGLWRU\ FRUWH[ >@ 8VLQJ
PDJQHWRHQFHSKDORJUDSK\ 0(* +HLP HW DO >@ UHSRUWHG WKH
DW\SLFDO DV\PPHWU\ RI WKH 3100P ZKLFK LV HYRNHG LQ UHVSRQVH
WR WKH SUHVHQWDWLRQ RI D ED V\OODEOH LQ G\VOH[LF FKLOGUHQ DQG
DGROHVFHQWV 3100P JHQHUDWRUV ZHUH DV\PPHWULF LQ QRUPDO
UHDGHUV EXW V\PPHWULF LQ G\VOH[LFV +HLP DQG FROOHDJXHV
VXEVHTXHQWO\ FRQILUPHG WKLV REVHUYDWLRQ VKRZLQJ D VLPLODU
SDWWHUQ RI UHVXOWV IRU WKH 1100P JHQHUDWRUV LQ G\VOH[LF DGXOWV
>@ 0RUH UHFHQWO\ DQG LQ WKH IUDPHZRUN RI WKH DV\PPHWULF
VDPSOLQJ LQ WLPH $67 WKHRU\ >01@ HYLGHQFH RI DOWHUDWLRQV
LQ DV\PPHWULF VDPSOLQJ LQ DXGLWRU\ FRUWLFHV ZDV UHSRUWHG LQ
G\VOH[LFV >@ ,Q WKLV VWXG\ G\VOH[LFV VKRZHG D UHGXFHG
HQWUDLQPHQW IRU UDSLG PRGXODWLRQV LQ WKH OHIW DXGLWRU\ FRUWH[
SRWHQWLDOO\ UHVXOWLQJ LQ WKH LPSDLUHG H[WUDFWLRQ RI SKRQHPLF
FXHV LQ WKH OHIW KHPLVSKHUH ,Q DGGLWLRQ WKH ULJKW DXGLWRU\
FRUWH[ RI G\VOH[LF LQGLYLGXDOV DOVR GHPRQVWUDWHG HQKDQFHG
HQWUDLQPHQW WR UDSLG PRGXODWLRQV VXJJHVWLQJ DW\SLFDO
IXQFWLRQDO LQWHUKHPLVSKHULF VSHFLDOL]DWLRQ IRU VORZ DQG IDVW
VDPSOLQJ UDWHV 0RUHRYHU FRQVLVWHQW ZLWK WKH LGHD RI D FORVH
DVVRFLDWLRQ EHWZHHQ WKH DW\SLFDO IXQFWLRQDO DV\PPHWULHV RI WKH
VSHHFK SURFHVVLQJ QHWZRUN LQ G\VOH[LD DQG WKH GHYHORSPHQW RI
GHILFLHQW SKRQRORJLFDO DELOLWLHV VHYHUDO VWXGLHV KDYH VKRZQ WKDW
WKH DELOLW\ RI W\SLFDO OLVWHQHUV WR UHFRQVWUXFW SHUWXUEHG HJ
WLPHUHYHUVHG VSHHFK VLJQDOV ZDV SRVLWLYHO\ DVVRFLDWHG ZLWK
WKH IXQFWLRQDO DV\PPHWU\ RI WKH SHULSKHUDO DXGLWRU\ V\VWHP
>@ DQG G\VOH[LF SDUWLFLSDQWV H[KLELWHG DW\SLFDO SHULSKHUDO
DV\PPHWU\ >@ 0RUHRYHU D IXQFWLRQDO UHDV\PPHWUL]DWLRQ
FRXOG EH VWLPXODWHG LQ G\VOH[LFV WKURXJK SKRQRORJLFDO WUDLQLQJ
ZLWK PHDVXUDEOH HIIHFWV DW ERWK WKH FRUWLFDO >@ DQG FRFKOHDU
OHYHOV >@ 7KH TXHVWLRQ RI WKH FDXVDO DVVRFLDWLRQ EHWZHHQ
IXQFWLRQDO DV\PPHWU\ LQVLGH WKH VSHHFK QHWZRUN DQG WKH
SKRQRORJLFDO GHILFLW REVHUYHG LQ G\VOH[LD UHPDLQV XQDQVZHUHG
DV WKH DFTXLVLWLRQ RI OLWHUDF\ VNLOOV PRGLILHV WKH GHYHORSPHQW RI
SKRQRORJLFDO SURFHVVHV LQ QRUPDO UHDGLQJ FKLOGUHQ >@ 2QH
DSSURDFK WR SRWHQWLDOO\ XQGHUVWDQG WKH RULJLQ RI IXQFWLRQDO
DV\PPHWUL]DWLRQ GHILFLWV REVHUYHG LQ G\VOH[LD LV WR DVVRFLDWH
WKHVH GHILFLWV ZLWK WKH XQGHUO\LQJ PRUSKRORJ\ RI WKH FRQFHUQHG
EUDLQ UHJLRQV 0XOWLSOH VWXGLHV KDYH VKRZQ WKDW WKH EHKDYLRUDO
DQG IXQFWLRQDO FKDQJHV UHODWHG WR H[SHULHQFHGHSHQGHQW
SODVWLFLW\ ZHUH DOVR DVVRFLDWHG ZLWK PRGLILFDWLRQV RI WKH
XQGHUO\LQJ FRUWLFDO PRUSKRORJ\ SDUWLFXODUO\ LQ WKH GLVWULEXWLRQ
RI JUD\ DQG ZKLWH PDWWHU VHH >@ IRU D UHYLHZ $FFRUGLQJ WR
SUHYLRXV DQDWRPLFDO VWXGLHV WKH IXQFWLRQDO DV\PPHWU\
DEQRUPDOLWLHV REVHUYHG LQ G\VOH[LD PLJKW EH DVVRFLDWHG ZLWK
XQGHUO\LQJ PRUSKRORJLFDO DQRPDOLHV DV VXJJHVWHG WKURXJK WKH
SLRQHHULQJ UHVHDUFK RI *DODEXUGD DQG FROOHDJXHV >@
ZKLFK VXJJHVWHG WKH H[LVWHQFH RI D UHGXFHG OHIWZDUG
DV\PPHWU\ LQ WKH SODQXP WHPSRUDOH LQ UHDGLQJLPSDLUHG
LQGLYLGXDOV D UHJLRQ LQYROYHG LQ VSHHFK DQG DXGLWRU\
SURFHVVLQJ >0@ $OWKRXJK PHWKRGRORJLFDO FRQFHUQV KDYH
VLQFH FKDOOHQJHG WKHVH HDUO\ REVHUYDWLRQV DQG VXEVHTXHQW
VWXGLHV XVLQJ 05 LPDJLQJ KDYH SURGXFHG PL[HG UHVXOWV VRPH
RI WKHP FRQVLVWHQW ZLWK WKH ILQGLQJV RI *DODEXUGD >1@
ZKHUHDV RWKHU VWXGLHV KDYH QRW UHSOLFDWHG WKHVH UHVXOWV
>@ PRUSKRORJLFDO DEQRUPDOLWLHV LQ G\VOH[LD KDYH RIWHQ
EHHQ UHSRUWHG $W\SLFDO PRUSKRORJLFDO DV\PPHWU\ ZDV
REVHUYHG RXWVLGH WKH SODQXP WHPSRUDOH SURSHU LQFOXGLQJ WKH
HQWLUH WHPSRUDO OREH >@ WKH SDULHWDO RSHUFXOXP DQG %URFD¶V
DUHD >@ 7KH TXHVWLRQ RI WKH DQRPDO\ RI IXQFWLRQDO DQGRU
PRUSKRORJLFDO DV\PPHWULHV LQ G\VOH[LD WKXV UHPDLQV
FRQWURYHUVLDO DQG WKH RULJLQ IRU WKLV GLVFUHSDQF\ PLJKW UHIOHFW
WKH KHWHURJHQHLW\ RI WKH FRJQLWLYH SURILOHV RI WKH SDUWLFLSDQWV
LQFOXGHG LQ WKH GLIIHUHQW VWXGLHV ,QGHHG D VWXG\ GHVLJQHG WR
GLIIHUHQWLDWH EUDLQ DEQRUPDOLWLHV LQ SDUWLFLSDQWV ZLWK VSHFLILF
ODQJXDJH LPSDLUPHQW 6/, FKDUDFWHUL]HG E\ SRRU RUDO ODQJXDJH
VNLOOV DVVRFLDWHG ZLWK UHDGLQJ GHILFLWV YHUVXV G\VOH[LD
VXJJHVWHG WKDW V\PPHWULFDO EUDLQ VWUXFWXUHV DUH DVVRFLDWHG
ZLWK FRJQLWLYH SURILOHV VXFK DV 6/, ZKHUHDV G\VOH[LF
LQGLYLGXDOV KDYH DV\PPHWULFDO EUDLQ VWUXFWXUHV >@ 7KLV UHVXOW
HPSKDVL]HG WKH QHHG IRU D FDUHIXO H[DPLQDWLRQ RI WKH FRJQLWLYH
SURILOHV RI WKH SDUWLFLSDQWV DQG IXUWKHU LQYHVWLJDWLRQ RI WKH
PRUSKRORJLFDO DEQRUPDOLWLHV LQ G\VOH[LD 9R[HOEDVHG
PRUSKRPHWU\ 9%0 D PRUSKRPHWULF WHFKQLTXH WKDW HQDEOHV
WKH VHSDUDWLRQ RI JUD\ *0 DQG ZKLWH PDWWHU :0 YROXPHV LV
XVHIXO IRU WKH LQYHVWLJDWLRQ RI PRUSKRORJLFDO DEQRUPDOLWLHV LQ
G\VOH[LD %UDPEDWL HW DO >0@ UHSRUWHG UHGXFHG *0 YROXPHV
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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ELODWHUDOO\ LQ WKH SODQXP WHPSRUDOH IXVLIRUP J\UXV DQG LQ WKH
OHIW LQIHULRU DQG VXSHULRU WHPSRUDO J\UL DQG ULJKW PLGGOH
WHPSRUDO J\UXV *UD\ PDWWHU YROXPH FKDQJHV LQ WKH OHIW DQGRU
ULJKW WHPSRUDO UHJLRQV ZHUH FRQILUPHG WKURXJK GLIIHUHQW VWXGLHV
>1@ )XUWKHUPRUH VWXGLHV DVVRFLDWHG ZLWK :0
DEQRUPDOLWLHV LQ G\VOH[LD VXFK DV 9%0 DQG GLIIXVLRQ WHQVRU
LPDJLQJ '7, VWXGLHV VKRZHG UHGXFWLRQV LQ WKH YROXPHGHQVLW\
RU FRQQHFWLYLW\ DORQJ WKH DUFXDWH IDVFLFXOXV LQFOXGLQJ %URFD¶V
DUHD DQG WKH WHPSRUDO FRUWH[ >@
7KH UHODWLRQVKLS EHWZHHQ DQDWRPLFDO DV\PPHWULHV LQ
WHPSRUDO UHJLRQV DQG WKH EHKDYLRUDO GHILFLWV FRQVLVWHQWO\
REVHUYHG LQ G\VOH[LD UHPDLQV XQFOHDU DQG FXUUHQWO\ WKHUH DUH
QR 9%0 VWXGLHV VSHFLILFDOO\ UHSRUWLQJ EUDLQ DV\PPHWU\
DEQRUPDOLWLHV LQ G\VOH[LF LQGLYLGXDOV +RZHYHU 9%0 FDQ EH
HIILFLHQWO\ XVHG WR GHULYH DV\PPHWU\ PDSV RI WKH FRUWLFDO
VXUIDFH DQG WR TXDQWLI\ WKH PRUSKRORJLFDO DV\PPHWU\ REVHUYHG
LQ WKH GLVWULEXWLRQ RI WKH *0 DQG :0 >0@ 7KXV WKH DLP RI
WKH SUHVHQW VWXG\ ZDV WR FRPSDUH WKH DV\PPHWU\ SDWWHUQV RI
WKH *0 DQG :0 YROXPHV DORQJ WKH VXSHULRU DQG PHGLDO
WHPSRUDO UHJLRQV LQ G\VOH[LF DGXOWV DQG QRUPDO UHDGHUV DQG
H[DPLQH WKH UHODWLRQVKLS EHWZHHQ WKHVH DV\PPHWULHV DQG WKH
VSHHFKLQQRLVH GHILFLW DVVRFLDWHG ZLWK G\VOH[LD 7KXV ZH
GLUHFWO\ FRPSDUHG WKH GLVWULEXWLRQ RI *0 DQG :0 LQ G\VOH[LF
DQG QRUPDO UHDGLQJ LQGLYLGXDOV DQG LQYHVWLJDWHG WKH




)RXUWHHQ G\VOH[LF SDUWLFLSDQWV  IHPDOHV PHDQ DJH 
\HDUV 6' 0 DQG 1 QRUPDO UHDGHUV  IHPDOHV PHDQ
DJH 0 \HDUV 6' 1 SDUWLFLSDWHG LQ WKLV VWXG\ $OO
VXEMHFWV ZHUH ULJKWKDQGHG VFRUHV RI 0 RQ WKH (GLQEXUJK
+DQGHGQHVV ,QYHQWRU\ >@ ZLWK DXGLRPHWULF SXUHWRQH
WKUHVKROGV RI  G% RQ D IUHTXHQF\ UDQJH IURP 0 WR 000
+] 6WDWLVWLFDO DQDO\VHV WWHVW DOO 3!00 FRQILUPHG WKDW ERWK
JURXSV GLG QRW VLJQLILFDQWO\ GLIIHU LQ DJH QRQYHUEDO,4 RU
KDQGHGQHVV 7DEOH 1 $OO G\VOH[LF LQGLYLGXDOV UHSRUWHG D
FKLOGKRRG KLVWRU\ RI UHDGLQJVSHOOLQJ GLVRUGHUV DQG DOO EXW RQH
SDUWLFLSDQW LQ WKH QRUPDO UHDGHUV JURXS ZHUH DOVR VFUHHQHG IRU
UHDGLQJ VSHOOLQJ SKRQRORJLFDO DQG YHUEDO VKRUWWHUP PHPRU\
DELOLWLHV 7KH SDUWLFLSDQWV UHSRUWHG QR KLVWRU\ RI SV\FKLDWULF RU
QHXURORJLFDO GLVRUGHUV ,Q DGGLWLRQ DOO SDUWLFLSDQWV SURYLGHG
ZULWWHQ LQIRUPHG FRQVHQW DQG ZHUH SDLG IRU SDUWLFLSDWLRQ 7KH
SURWRFRO XVHG LQ WKLV H[SHULPHQW ZDV DSSURYHG WKURXJK D ORFDO
HWKLFV FRPPLWWHH &33 6XG(VW ,9 /\RQ ,' 5&% 00
$000
3V\FKRPHWULF HYDOXDWLRQ DQG VSHHFKLQQRLVH WHVW
7KH QRQYHUEDO ,4 ZDV DVVHVVHG XVLQJ 5DYHQ VWDQGDUG
SURJUHVVLYH PDWULFHV >@ $OO SDUWLFLSDQWV REWDLQHG QRUPDO
VFRUHV DERYH WKH 0WK SHUFHQWLOH VHH 7DEOH 1 LQ 5HVXOWV
VHFWLRQ 7KH UHDGLQJDJH ZDV DVVHVVHG XVLQJ WKH )UHQFK
µ/¶DORXHWWH¶ UHDGLQJ WHVW >@ DQG WKH QHXURSV\FKRORJLFDO
EDWWHU\ 2'('<6 >@ ZDV DGPLQLVWHUHG WR DOO SDUWLFLSDQWV 7KLV
EDWWHU\ HYDOXDWHG UHDGLQJ DQG VSHOOLQJ PHWDSKRQRORJ\
7DEOH 1 3V\FKRPHWULF HYDOXDWLRQ VFRUHV LQ G\VOH[LF DQG
QRUPDO UHDGLQJ SDUWLFLSDQWV
9DULDEOH   '\VOH[LFV
1RUPDO
5HDGHUV SYDOXH
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 5HJXODU 6FRUH 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1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0 0 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V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
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0 000
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 001
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 00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 0001
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
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 000
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 00
2UDO VNLOOV :RUG UHSHWLWLRQ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0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 5$1 V  1001
11
1 00
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
3/26 21( _ ZZZSORVRQHRUJ  2FWREHU 01 _ 9ROXPH  _ ,VVXH 10 _ H
DFURQ\PV DQG SKRQHPH GHOHWLRQ WHVWV YHUEDO VKRUWWHUP
PHPRU\ YLVXDO DWWHQWLRQ DQG UDSLG DXWRPDWL]HG QDPLQJ
7KH SDUWLFLSDQWV DOVR SHUIRUPHG D VSHHFKLQQRLVH
LQWHOOLJLELOLW\ WHVW LQYROYLQJ WKH SHUFHSWLRQ RI ZRUGV SUHVHQWHG LQ
EDFNJURXQG EDEEOHQRLVH DFFRUGLQJ WR GLIIHUHQW OLVWHQLQJ
FRQILJXUDWLRQV 7KH PDWHULDOV DQG SURFHGXUHV RI WKLV WHVW KDYH
EHHQ SUHYLRXVO\ GHVFULEHG >1@ 7KH VWLPXOL LQFOXGHG 0
GLV\OODELF ZRUGV HPEHGGHG LQ D V EDFNJURXQG RI WDONHUV
EDEEOH 7DUJHW ZRUGV ZHUH VHOHFWHG LQ DQ LQWHUPHGLDWH UDQJH RI
OH[LFDO IUHTXHQFLHV 01±1 RFFXUUHQFH SHU PLOOLRQ RSP
DYHUDJH 1 RSP 6'  7KH QXPEHU RI SKRQHPHV
DQG ZRUG IUHTXHQFLHV ZHUH FRXQWHUEDODQFHG EHWZHHQ WKH
FRQGLWLRQV 7KH EDFNJURXQG EDEEOHQRLVH FRPSULVHG 
LQGLYLGXDO YRLFHV UHFRUGHG LQ D VRXQGSURRI URRP ZKLOH UHDGLQJ
H[WUDFWHG SDVVDJHV RI D )UHQFK ERRN 7KH LQGLYLGXDO
UHFRUGLQJV ZHUH PRGLILHG DFFRUGLQJ WR WKH IROORZLQJ SURWRFRO L
UHPRYDO RI VLOHQFHV DQG SDXVHV RI PRUH WKDQ 1 V LL GHOHWLRQ RI
VHQWHQFHV FRQWDLQLQJ SURQXQFLDWLRQ HUURUV H[DJJHUDWHG
SURVRG\ RU SURSHU QRXQV LLL UHPRYDO RI ORZDPSOLWXGH
EDFNJURXQG QRLVH XVLQJ QRLVH UHGXFWLRQ RSWLPL]HG IRU VSHHFK
VLJQDOV &RRO(GLW 3UR 11 ± '\QDPLF 5DQJH 3URFHVVLQJ ±
SUHVHW 9RFDO OLPLWHU LY LQWHQVLW\ FDOLEUDWLRQ LQ G%$ DQG
QRUPDOL]DWLRQ RI HDFK VRXUFH DW 0 G%$ DQG Y ILQDO PL[LQJ RI
WKH  VRXUFHV 7KUHH OLVWHQLQJ FRQILJXUDWLRQV ZHUH XVHG
'LFKRWLF 0RQDXUDO DQG 6SDWLDOL]HG ,Q WKH 'LFKRWLF
FRQILJXUDWLRQ WKH WDUJHW ZRUGV ZHUH SUHVHQWHG LQ RQH HDU DQG
EDEEOH ZDV SUHVHQWHG LQ WKH RWKHU HDU DW WKH VDPH LQWHQVLW\ ,Q
WKH 0RQDXUDO FRQILJXUDWLRQ WKH WDUJHW VSHHFK DQG EDEEOH
EDFNJURXQG ZHUH SUHVHQWHG LQ RQH HDU RQO\ RQ WKH ULJKW VLGH
DW D VLJQDOWRQRLVH UDWLR RI 0 G% ,Q WKH 6SDWLDOL]HG
FRQILJXUDWLRQ WKH WDUJHW VSHHFK DQG EDEEOH EDFNJURXQG ZHUH
SUHVHQWHG LQ ERWK HDUV EXW ZLWK DQ LQWHUDXUDO OHYHO GLIIHUHQFH
,/' IRU WKH EDFNJURXQG RI 10 G% WKXV PLPLFNLQJ D OLVWHQLQJ
7DEOH 1 FRQWLQXHG
9DULDEOH   '\VOH[LFV
1RUPDO
5HDGHUV SYDOXH
0HPRU\ VSDQ )RUZDUG GLJLW   100 10 00
 %DFNZDUG GLJLW   0 10 000
6SHHFKLQ
QRLVH 'LFKRWLF  0 00 100 0 00
 0RQDXUDO  01 010 0000 0001
 6SDWLDOL]HG  0 00 000 00
6LJQLILFDQW JURXS GLIIHUHQFHV DUH LQGLFDWHG LQ EROG DQG ZLWK DQ DVWHULVN 9DOXHV
UHSUHVHQW WKH PHDQ VFRUH RI HDFK JURXS WKH VWDQGDUG GHYLDWLRQ LV LQGLFDWHG LQ
EUDFNHWV $OO G\VOH[LF SDUWLFLSDQWV DQG DOO EXW RQH SDUWLFLSDQW RI WKH QRUPDO UHDGHUV
JURXS WRRN SDUW LQ WKHVH WHVWV 5HDGLQJ DJH ZDV GHULYHG IURP WKH WHVW µ/¶DORXHWWH¶
>@ RWKHU UHDGLQJ VNLOOV SKRQRORJLFDO DELOLWLHV PRWRU RUDO VNLOOV YLVXDO DVVHVVPHQW
DQG PHPRU\ VSDQ ZHUH HYDOXDWHG XVLQJ WKH 2'('<6 WHVW >@ 7KH VSHHFKLQ
QRLVH WHVW ZDV DQ LQKRXVH GHYHORSHG WHVW >1@ YDOXHV IRU HDFK JURXS LQGLFDWH
PHDQ LQWHOOLJLELOLW\ VRUHV 1 100 LQWHOOLJLELOLW\ 5$1 UDSLG DXWRPDWL]HG QDPLQJ
GRL 1011MRXUQDOSRQH00W001
VLWXDWLRQ LQ ZKLFK WKH WDUJHW DQG EDFNJURXQG DUH VOLJKWO\
VHSDUDWHG LQ VSDFH 6WLPXOL ZHUH SUHVHQWHG XVLQJ KHDGSKRQHV
6HQQKHLVHU +'  63 DW D FRPIRUWDEOH KHDULQJ OHYHO 7KH
SDUWLFLSDQWV ZHUH DVNHG WR UHSHDW WKH WDUJHW ZRUGV ,QWHOOLJLELOLW\
VFRUHV ZHUH REWDLQHG DIWHU FDOFXODWLQJ WKH SURSRUWLRQ RI ZRUGV
FRUUHFWO\ UHSHDWHG $ WZRZD\ $129$ ZDV SHUIRUPHG ZLWK
*URXS 1RUPDO 5HDGHUV DQG '\VOH[LFV DV WKH EHWZHHQVXEMHFW
IDFWRU DQG &RQILJXUDWLRQ 'LFKRWLF 0RQDXUDO DQG 6SDWLDOL]HG
DV WKH ZLWKLQVXEMHFW IDFWRU 6WDWLVWLFDO WHVWV ZHUH SHUIRUPHG DW
D 300 WKUHVKROG DQG D SRVWKRF %RQIHUURQL WHVW ZDV XVHG WR
LQYHVWLJDWH VSHFLILF GLIIHUHQFHV
,PDJH DFTXLVLWLRQ
7KH 05, DFTXLVLWLRQ ZDV SHUIRUPHG DW /D 7LPRQH +RVSLWDO
0DUVHLOOHV )UDQFH XVLQJ D 07 %UXFNHU 0HGVSHF 00
$9$1&( VFDQQHU 2QH ' VWUXFWXUDO LPDJH ZDV DFTXLUHG IRU
HDFK VXEMHFW XVLQJ D 71ZHLJKWHG 035$*( VHTXHQFH 75
 PV 7(  PV SXOVH DQJOH 0 ILHOG RI YLHZ  [ 
[ 10 PP PDWUL[  [  [ 10 DQG YR[HO VL]H 1[1[1 PP
,PDJH SURFHVVLQJ VHJPHQWDWLRQ DQG DV\PPHWU\
DQDO\VLV
7R HYDOXDWH WKH PRUSKRORJLFDO GLIIHUHQFHV EHWZHHQ WKH
G\VOH[LF DQG W\SLFDO SDUWLFLSDQWV WKH VWUXFWXUDO 71 LPDJHV ZHUH
XVHG WR SHUIRUP D YR[HOZLVH DQDO\VLV RI WKH WLVVXH DV\PPHWU\
GLUHFWO\ GHULYHG IURP WKH YR[HOEDVHG PRUSKRPHWU\ 9%0
DSSURDFK >@ LQYROYLQJ WKH FUHDWLRQ RI *0:0 DV\PPHWU\
PDSV DQG SHUIRUPDQFH RI EHWZHHQJURXS FRPSDULVRQV XVLQJ
WKHVH PDSV 7KH DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH 9%0
WRROER[ *DVHU KWWSGEPQHXURXQLMHQDGHYEP ZKLFK
HPSOR\V WKH XQLILHG VHJPHQWDWLRQ DSSURDFK >@ LPSOHPHQWHG
LQ 630 :HOOFRPH 'HSDUWPHQW RI ,PDJLQJ 1HXURVFLHQFH
KWWSZZZILOLRQXFODFXNVSPVRIWZDUHVSP 7KLV PHWKRG
LQYROYHV D PXOWLSOHVWHS SURFHGXUH WKDW DOWHUQDWHV WLVVXH
FODVVLILFDWLRQ ELDV FRUUHFWLRQ DQG QRUPDOL]DWLRQ 7KLV WRROER[
H[WHQGV WKH XQLILHG VHJPHQWDWLRQ XVLQJ D PD[LPXP D SRVWHULRUL
0$3 WHFKQLTXH >@ DQG D 3DUWLDO 9ROXPH (VWLPDWLRQ 39( WR
DFFRXQW IRU SDUWLDO YROXPH HIIHFWV >0@ 7KH 9%0 WRROER[ DOVR
FRQWUROV WKH TXDOLW\ RI WKH SURFHGXUH E\ FDOFXODWLQJ WKH
FRYDULDQFH EHWZHHQ WKH UHVXOWLQJ LPDJHV WR FRQILUP WKH
KRPRJHQHLW\ RI WKH YDULDQFH DQG LGHQWLI\ SRWHQWLDO RXWOLHUV
7KH 71 LPDJHV ZHUH ELDVFRUUHFWHG DQG VHJPHQWHG LQWR JUD\
PDWWHU ZKLWH PDWWHU DQG FHUHEURVSLQDO IOXLG PDSV EDVHG RQ D
VHW RI V\PPHWULFDO D SULRUL 7LVVXH 3UREDELOLW\ 0DSV SURYLGHG LQ
WKH 9%0 WRROER[ 7KH *0 DQG :0 PDSV XQGHUZHQW D VSDWLDO
QRUPDOL]DWLRQ SURFHGXUH WDUJHWLQJ WKH VWDQGDUG 01, 71
WHPSODWH 7KH VWDQGDUG 630 VSDWLDO QRUPDOL]DWLRQ SURFHGXUH
ZDV SHUIRUPHG XVLQJ D 1SDUDPHWHU DIILQH OLQHDU
WUDQVIRUPDWLRQ DQG QRQOLQHDU ZDUSLQJ E\ GHVHOHFWLQJ WKH
'$57(/ RSWLRQ LQ 9%0 >1@ -DFRELDQ PRGXODWLRQ ZDV
DSSOLHG WR SUHVHUYH WKH ORFDO *0 DQG :0 YDOXHV DQG WKH YR[HO
YDOXHV ZHUH PXOWLSOLHG E\ WKH QRQOLQHDU FRPSRQHQWV RI WKH
UHJLVWUDWLRQ WR DFFRXQW IRU LQGLYLGXDO EUDLQ VL]H YDULDWLRQV :H
IOLSSHG WKH *0 DQG :0 PRGXODWHG LPDJHV DORQJ WKH KRUL]RQWDO
SODQH [D[LV DQG DSSOLHG WKH IRUPXOD RULJLQDO  IOLSSHG
0RULJLQDO  IOLSSHG XVLQJ SUHYLRXVO\ GHVFULEHG SURFHGXUHV
WR JHQHUDWH *0 DQG :0 DV\PPHWU\ PDSV >0@ 7KH
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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DV\PPHWU\ PDSV ZHUH VPRRWKHG XVLQJ D *DXVVLDQ NHUQHO RI
10 PP ):+0
6WDWLVWLFDO DQDO\VHV
6WDWLVWLFDO DQDO\VLV ZDV SHUIRUPHG XVLQJ WKH *HQHUDO /LQHDU
0RGHO */0 >@ LPSOHPHQWHG LQ 630 DFFRUGLQJ WR D WZR
VWHS SURFHGXUH ILUVW ZKROHEUDLQ GLIIHUHQFHV LQ WKH *0 DQG
:0 GLVWULEXWLRQ ZHUH VHSDUDWHO\ LQYHVWLJDWHG IURP WKH VSHFLILF
WLVVXH PDSV DFURVV HDFK JURXS RI SDUWLFLSDQWV XVLQJ D RQH
VDPSOH WWHVW LQFOXGLQJ DJH DQG JHQGHU DV FRYDULDEOHV RI QRQ
LQWHUHVW 7KH FOXVWHUOHYHO WKUHVKROG ZDV VHW DW 300 ):(
FRUUHFWHG ZLWK D YR[HOOHYHO WKUHVKROG VHW DW 30001
XQFRUUHFWHG $ FRUUHFWLRQ IRU WKH QRQVWDWLRQDULW\ RI
VPRRWKQHVV ZDV DOVR DSSOLHG DOORZLQJ FOXVWHUOHYHO VWDWLVWLFV LQ
9%0 GDWD 7KH VLJQLILFDQW GLIIHUHQFHV GLVSOD\HG RQ WKH ULJKW
VLGH RI WKH REWDLQHG PDSV UHSUHVHQWHG D ULJKWZDUG
PRUSKRORJLFDO DV\PPHWU\ 7KH 630 H[WHQVLRQ $QDWRPLFDO
$XWRPDWLF /DEHOLQJ $$/ >@ DQG ZKHQ UHTXLUHG 7DODLUDFK
'DHPRQ >@ ZHUH XVHG WR ORFDOL]H WKH HIIHFWV 6HFRQG
ZKROH EUDLQ JURXS GLIIHUHQFHV LQ WKH *0:0 DV\PPHWU\ ZHUH
LQYHVWLJDWHG XVLQJ D WZRVDPSOH WWHVW ZLWK DJH DQG JHQGHU DV
FRYDULDEOHV RI QRQLQWHUHVW 7KH VWDWLVWLFDO WKUHVKROG ZDV DOVR
VHW DW 300 ):(FRUUHFWHG DW WKH FOXVWHU OHYHO 7R EHWWHU
FKDUDFWHUL]H WKH REWDLQHG GLIIHUHQFHV LQ *0:0 DV\PPHWU\
ZH XVHG WKH *0:0 PRGXODWHG LPDJHV REWDLQHG DIWHU WKH
VHJPHQWDWLRQQRUPDOL]DWLRQ SURFHGXUH ZKLFK ZHUH VPRRWKHG
10PP ):+0 WR H[WUDFW *0:0 YROXPHV DW WKH ORFDWLRQ RI
WKH VLJQLILFDQW DV\PPHWU\ FOXVWHUV 7KLV DOORZHG WR EHWWHU
XQGHUVWDQG WKH RULJLQV RI WKH DV\PPHWU\ GLIIHUHQFHV
)RU IXUWKHU VSHFLILF LQTXLUHV FRUUHODWLRQV WKH DQDO\VHV ZHUH
SHUIRUPHG LQ WZR V\PPHWULF UHJLRQV RI LQWHUHVW 52, FRYHULQJ
WKH PLGGOH DQG VXSHULRU SDUWV RI WKH WHPSRUDO OREH 7KHVH
UHJLRQV ZHUH GHILQHG XVLQJ WKH 0DUVEDU 7RROER[ KWWS
PDUVEDUVRXUFHIRUJHQHW >@ ,Q WKLV WRROER[ WKH OHIW DQG ULJKW
+HVFKO¶V VXSHULRU WHPSRUDO DQG PLGGOH WHPSRUDO J\UL ZHUH
VHOHFWHG IURP WKH $$/ GDWDEDVH DQG FRPELQHG WR IRUP WZR
ODUJH UHJLRQV WKH OHIW DQG ULJKW KHPLVSKHUHV ZKLFK FRYHUHG
WKH VXSHULRU DQG PLGGOH SDUWV RI WKH WHPSRUDO FRUWH[
6\PPHWULF 52,V ZHUH JHQHUDWHG DIWHU IOLSSLQJ HDFK UHJLRQ
DORQJ WKH [D[LV DQG D PHDQ LPDJH IURP WKH RULJLQDO DQG
IOLSSHG LPDJHV ZDV VXEVHTXHQWO\ FUHDWHG IRU HDFK VLGH )LJXUH
61 ,Q HDFK SUHGHILQHG 52, D VPDOO YROXPH FRUUHFWLRQ 69&
ZDV DSSOLHG ZLWK WKH VWDWLVWLFDO WKUHVKROG VHW DW 300 FOXVWHU
OHYHO  ):(FRUUHFWHG $ FRUUHODWLRQ DQDO\VLV EHWZHHQ WKH
PRUSKRORJLFDO REVHUYDWLRQV DQG SHUIRUPDQFH RQ WKH VSHHFKLQ
QRLVH LQWHOOLJLELOLW\ WHVW ZDV SHUIRUPHG ,Q RXU VSHHFKLQQRLVH
WHVW RQO\ WKH 0RQDXUDO FRQGLWLRQ ZDV DVVRFLDWHG WR VLJQLILFDQW
LQWHULQGLYLGXDO YDULDELOLW\ LQVLGH ERWK JURXSV DQG WR D VLJQLILFDQW
GLIIHUHQFH EHWZHHQ JURXSV WKH WZR RWKHU FRQGLWLRQV OHDGLQJ WR
URRI HIIHFWV 7KHUHIRUH ZH GLG QRW DGG WKH UHVXOWV IURP WKH
RWKHU FRQGLWLRQV WR WKLV PRGHO ,Q HDFK JURXS WKH VSHHFKLQ
QRLVH LQWHOOLJLELOLW\ VFRUHV LQ WKH 0RQDXUDO FRQILJXUDWLRQ ZHUH
DGGHG LQ WKH PRGHO DV D FRYDULDEOH WR LQYHVWLJDWH WKH YR[HOE\
YR[HO FRUUHODWLRQ LQ WKH SUHGHILQHG 52,V
5HVXOWV
3V\FKRPHWULF HYDOXDWLRQ
&RPSDUHG ZLWK WKH QRUPDO UHDGLQJ JURXS WKH G\VOH[LF
SDUWLFLSDQWV VKRZHG D FOHDU SURILOH RI UHDGLQJ LPSDLUPHQW
FRQIRUPLQJ WR WKH V\PSWRPDWRORJ\ RI G\VOH[LD 7DEOH 1 7KLV
SURILOH FRPSULVHG D VLJQLILFDQWO\ ORZHU UHDGLQJ DJH '\VOH[LFV
PHDQ DJH 1 PRQWKV 6' 1 YV 1RUPDO 5HDGHUV
PHDQ DJH 1 PRQWKV 6'  30001 DVVRFLDWHG ZLWK D
QRUPDO QRQYHUEDO ,4 LQ ERWK JURXSV DQG QR JURXS GLIIHUHQFHV
'\VOH[LFV DYHUDJH SHUFHQWLOH 0 6'  YV 1RUPDO
5HDGHUV DYHUDJH SHUFHQWLOH 1 6'  3 010 7KH
OLWHUDF\ VNLOOV RI G\VOH[LF LQGLYLGXDOV ZHUH FKDUDFWHUL]HG E\
ORQJHU UHDGLQJ WLPHV IRU UHJXODU ZRUGV 3000 LUUHJXODU
ZRUGV 3001 DQG SVHXGRZRUGV 30001 7KH UHDGLQJ
DFFXUDF\ VKRZHG D WHQGHQF\ WRZDUGV D VLJQLILFDQW GLIIHUHQFH
IRU UHJXODU ZRUGV 3 00 DQG SVHXGRZRUGV 3 00 QRW IRU
LUUHJXODU ZRUGV 3 0 7KH SKRQRORJLFDO VNLOOV ZHUH DOVR
DIIHFWHG LQ SDUWLFLSDQWV ZLWK G\VOH[LD ZLWK ORZHU SHUIRUPDQFHV
DQG VSHHGV LQ WKH SKRQHPH GHOHWLRQ WDVN UHVSHFWLYHO\
3000 DQG 30001 DQG ORZHU VSHHGV IRU DFURQ\PV
3000 '\VOH[LFV DOVR VKRZHG LPSDLUHG YHUEDO VKRUWWHUP
PHPRU\ ZLWK D VLJQLILFDQW GHILFLW LQ WKH IRUZDUG GLJLW VSDQ
300 0RUHRYHU G\VOH[LF SDUWLFLSDQWV H[KLELWHG QRUPDO RUDO
PRWRU VNLOOV ZLWK QR VLJQLILFDQW GHILFLW LQ ZRUG UHSHWLWLRQ RU UDSLG
DXWRPDWL]HG QDPLQJ ERWK 3!00 DQG D GLIIHUHQFH LQ
SVHXGRZRUG UHSHWLWLRQ DFFXUDF\ VKRZLQJ D WHQGHQF\ WRZDUGV
VLJQLILFDQFH 3 00
7KH UHVXOWV RI WKH VSHHFKLQQRLVH LQWHOOLJLELOLW\ WHVW VHH
7DEOH 1 FRQILUPHG RXU SUHYLRXV REVHUYDWLRQ RI D VSHHFKLQ
QRLVH SHUFHSWLRQ GHILFLW LQ G\VOH[LF DGXOWV ZKLFK ZDV VLJQLILFDQW
RQO\ LQ WKH PRVW GLIILFXOW OLVWHQLQJ VLWXDWLRQ 0RQDXUDO ZKHUHDV
QR VLJQLILFDQW JURXS GLIIHUHQFH ZDV REVHUYHG ZKHQ FRPSDULQJ
WKH 'LFKRWLF RU 6SDWLDOL]HG FRQGLWLRQV >1@ 7KH VWDWLVWLFDO
DQDO\VHV UHYHDOHG D VLJQLILFDQW *URXS [ &RQILJXUDWLRQ
LQWHUDFWLRQ ) 0 30001 KLJKOLJKWLQJ WKH SUHVHQFH
RI WKLV GHILFLW LQ WKH 0RQDXUDO FRQILJXUDWLRQ 1RUPDO 5HDGHUV
DYHUDJH LQWHOOLJLELOLW\ UDWH 00 6'  00YV '\VOH[LFV 00
6'  01 30001 DQG WKH DEVHQFH RI WKLV GHILFLW LQ WKH
'LFKRWLF DQG 6SDWLDOL]HG FRQILJXUDWLRQV ERWK 3!00
9R[HOZLVH DQDO\VLV RI DV\PPHWU\  *UD\ 0DWWHU
,Q VDPSOHV IURP ERWK JURXSV GLIIHUHQW FHUHEUDO UHJLRQV ZHUH
LGHQWLILHG DV H[KLELWLQJ D *0 GLVWULEXWLRQ DV\PPHWU\ 7DEOH 
DQG )LJXUH 1 VKRZ WKH UHVXOWV RI WKH ZKROHEUDLQ JURXSVSHFLILF
*0 DV\PPHWU\ DQDO\VLV
5HJLRQV VKRZLQJ VLJQLILFDQW OHIWZDUG DV\PPHWU\ LQYROYHG D
ODUJH FOXVWHU FHQWHUHG RQ WKH LQIHULRU WHPSRUDO J\UXV OHIW ,7*
DQG H[WHQGLQJ GRZQZDUGV DORQJ WKH ODWHUDO EDQN RI WKH OHIW
FHUHEHOODU KHPLVSKHUH 1RUPDO 5HDGHUV N    YR[HOV SHDN
DW 01, >  0@ '\VOH[LFV N    YR[HOV SHDN DW 01,
>  0@ $ VHFRQG PDMRU FOXVWHU FRPSULVHG WKH OHIW EDVDO
JDQJOLD ZLWK SHDNV FHQWHUHG RQ WKH JOREXV SDOOLGXV LQ QRUPDO
UHDGHUV DQG RQ WKH SXWDPHQ LQ G\VOH[LF SDUWLFLSDQWV 1RUPDO
5HDGHUV N   01 YR[HOV SHDN DW 01, >1  1@ '\VOH[LFV N
  1 YR[HOV SHDN DW 01, >0  @ 2QH VLJQLILFDQW FOXVWHU
ZDV SUHVHQW RQO\ LQ WKH G\VOH[LF JURXS FHQWHUHG RQ WKH OHIW
VXSHULRU WHPSRUDO J\UXV N   1 YR[HOV SHDN DW 01, > 
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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7HPSRUDO *\UXV  001 00 11   0
 3DOOLGXP 01 001 001 10 1  1
 7HPSRUDO 3ROH  000 0 1 1 1 
 7KDODPXV 0 001 0  11  
5LJKW
+HP 67*  07* 0 001 00 11   1
 &HUHEHOOXP 1 001 00 11 1  0
 0HGLDO &LQJXODWH 1 001 01 1 1 1 
 ,QVXOD 10 001 001 1   
 ,QIHULRU )URQWDO*\UXV 0 001 00 10 1  
 &XQHXV  001 0    
 0HGLDO )URQWDO*\UXV  001 01    
 3DUDKLSSRFDPSDO*\UXV  001 0   1 0





7HPSRUDO *\UXV  001 001 10   0
 3XWDPHQ 1 001 01  0  
 0HGLDO &LQJXODWH  000 01    
 3DUDKLSSRFDPSDO*\UXV 1 000 0  0  
 67* SRVWHULRU 1 00 011 100   1
5LJKW
+HP 67*  07* 11 001 000 1   
 &HUHEHOOXP 10 001 0    
 ,QIHULRU )URQWDO*\UXV  001 00 11   1
 0HGLDO )URQWDO*\UXV  001 00 11 0  
 3RVWFHQWUDO*\UXV 00 0001 0    
 3RVWFHQWUDO*\UXV  001 0    
 $QWHULRU&LQJXODWH  001 0    1
1@ FRUUHVSRQGLQJ WR WKH SRVWHULRU UHJLRQ RI WKH 67* %$ 
7KH GLUHFW JURXS FRPSDULVRQ KRZHYHU VKRZHG WKDW WKLV
GLIIHUHQFH ZDV QRW VLJQLILFDQW VHH EHORZ
5HJLRQV VKRZLQJ D ULJKWZDUG PRUSKRORJLFDO *0 DV\PPHWU\
UHYHDOHG D ODUJH FOXVWHU DW WKH IURQWLHU RI WKH ULJKW 67* DQG
07* GHYHORSLQJ DORQJ WKH ULJKW VXSHULRU WHPSRUDO VXOFXV
676 1RUPDO 5HDGHUV N   0 YR[HOV SHDN DW 01, >
 1@ '\VOH[LFV N   11 YR[HOV SHDN DW 01, >  @
$ VHFRQG ULJKWZDUG DV\PPHWULF FOXVWHU ZDV FHQWHUHG RQ WKH
ULJKW FHUHEHOOXP 1RUPDO 5HDGHUV N   1 YR[HOV SHDN DW
01, >1  0@ '\VOH[LFV N   10 YR[HOV SHDN DW 01, >
 @ 0RUHRYHU D ODUJH FOXVWHU ZDV DOVR REVHUYHG LQ WKH
ULJKW ,)* %$ 1RUPDO 5HDGHUV N   0 YR[HOV SHDN DW 01,
>1  @ '\VOH[LFV N    YR[HOV SHDN DW 01, > 
1@ &RPSOHWH *0 DV\PPHWU\ REVHUYDWLRQV DUH GHVFULEHG LQ
7DEOH 
7KH GLUHFW EHWZHHQJURXS FRPSDULVRQ SHUIRUPHG RQ WKH
ZKROHEUDLQ GDWD UHYHDOHG WKDW G\VOH[LF SDUWLFLSDQWV VKRZHG D
VLJQLILFDQW UHGXFWLRQ RI ULJKWZDUG DV\PPHWU\ LQ WKH
67*67607* FOXVWHU FRPSDUHG ZLWK QRUPDO UHDGHUV 300
FOXVWHUOHYHO ):(FRUUHFWHG N  1 YR[HOV 7  7KH SHDN
RI WKLV DV\PPHWU\ GLIIHUHQFH ZDV ORFDWHG DW 01, >  @
VHH )LJXUH $ FRUUHVSRQGLQJ WR 7DODLUDFK¶V 67* %$ DW
WKH LQWHUIDFH EHWZHHQ 67* %$ DQG 07* %$1 WKH 676
7KLV VLJQLILFDQW GLIIHUHQFH ZDV DVVRFLDWHG ZLWK DQ LQFUHDVH LQ
WKH YDULDELOLW\ RI DV\PPHWU\ RI *0 GLVWULEXWLRQ LQ WKDW ORFDWLRQ LQ
WKH G\VOH[LF JURXS 3 00 RQ WKH /HYHQH WHVW RQ WKH
KRPRJHQHLW\ RI YDULDQFH )LJXUH % 7R EHWWHU FKDUDFWHUL]H
WKLV GLIIHUHQFH LQ *0 DV\PPHWU\ DQG FODULI\ LWV RULJLQ ZH
H[WUDFWHG WKH *0 YROXPHV DW WKH SHDN ORFDWLRQ RQ ERWK VLGHV
>   @ DQG LQ ERWK JURXSV )LJXUH & $ ZD\
$129$ *URXS +HPLVSKHUH FRQILUPHG WKH SUHVHQFH RI D
VLJQLILFDQW *URXS [ +HPLVSKHUH LQWHUDFWLRQ 300 DQG D
SRVWKRF /6' WHVW FRQILUPHG WKDW QRUPDO UHDGHUV VKRZHG
LQFUHDVHG *0 YROXPHV RYHU WKH ULJKW 676 FRPSDUHG ZLWK WKH
OHIW VLWH 3001 ZKLOH G\VOH[LF SDUWLFLSDQWV GLG QRW VKRZ WKLV
GLIIHUHQFH 3 0
,Q VXPPDU\ DPRQJVW EUDLQ UHJLRQV VKRZLQJ D *0
DV\PPHWU\ LQ ERWK JURXSV ZH LGHQWLILHG D ODUJH FOXVWHU
FRUUHVSRQGLQJ WR D ULJKWZDUG 676 DV\PPHWU\ :KHQ
FRPSDULQJ QRUPDO UHDGHUV WR G\VOH[LFV G\VOH[LFV VKRZHG
UHGXFHG *0 DV\PPHWU\ LQ WKLV UHJLRQ DQG QRUPDO UHDGHUV
VKRZHG VLJQLILFDQW DV\PPHWU\ GXH WR LQFUHDVHG *0 RQ WKH
ULJKW VLGH
9R[HOZLVH DQDO\VLV RI DV\PPHWU\  :KLWH 0DWWHU
:KROHEUDLQ :0 DV\PPHWULHV ZHUH DOVR VHSDUDWHO\
FKDUDFWHUL]HG LQ QRUPDO UHDGHUV DQG G\VOH[LF SDUWLFLSDQWV VHH
)LJXUH  DQG 7DEOH 
7DEOH  FRQWLQXHG
'HWDLOHG UHVXOWV IURP WKH ZKROHEUDLQ DQDO\VLV LQ ERWK SDUWLFLSDQWV¶ JURXSV
6WDWLVWLFDO WKUHVKROGV VHW DW 300 ):( FRUUHFWHG DW WKH FOXVWHU OHYHO 5HVXOWV DUH
UDQNHG GHSHQGLQJ RQ FOXVWHU H[WHQW $V\PPHWU\ GLIIHUHQFHV DOVR VLJQLILFDQW
300  ):( FRUUHFWHG DW WKH YR[HOOHYHO DUH PDUNHG EROG
GRL 1011MRXUQDOSRQH00W00
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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,Q ERWK JURXSV WKH :0 ZDV SULPDULO\ OHIWZDUG ODWHUDOL]HG
ZLWK D SULQFLSDO FOXVWHU REVHUYHG LQ QRUPDO UHDGHUV DQG
G\VOH[LFV IROORZLQJ WKH XQIROGLQJ RI WKH DUFXDWH IDVFLFXOXV ZLWK
D SURQRXQFHG OHIWZDUG DV\PPHWU\ 1RUPDO 5HDGHUV N   1
YR[HOV '\VOH[LFV N   1 YR[HOV 3HDN ORFDWLRQV ZHUH OHVV
LQIRUPDWLYH JLYHQ WKH VSDWLDO H[WHQW RI WKH FOXVWHU DQG WKH
)LJXUH 1  *UD\ PDWWHU DV\PPHWU\ DQG ZKROHEUDLQ DQDO\VLV  7KH LPDJHV VKRZ FHUHEUDO UHJLRQV ZLWK VLJQLILFDQW FOXVWHUOHYHO
):(FRUUHFWHG 300 *0 GLVWULEXWLRQ DV\PPHWU\ LQ QRUPDOUHDGHUV XSSHU URZ DQG G\VOH[LF SDUWLFLSDQWV ORZHU URZ 6LJQLILFDQW
FOXVWHUV DUH GLVSOD\HG RQ WKH PHDQ *0 LPDJH RI WKH ZKROH VDPSOH RI SDUWLFLSDQWV
GRL 1011MRXUQDOSRQH00J001
)LJXUH   7KH UHVXOWV IURP WKH JURXS GLIIHUHQFH DQDO\VLV IRU JUD\ PDWWHU DV\PPHWU\  $ VLJQLILFDQW JURXS GLIIHUHQFH
VXJJHVWLQJ WKDW G\VOH[LFV VKRZ UHGXFHG *0 DV\PPHWU\ DW >  @ % *0 DV\PPHWU\ YDOXHV UDZ VLJQDO LQWHQVLW\ YDOXHV
H[SUHVVHG LQ DUELWUDU\ XQLWV DW >  @ LQ QRUPDO UHDGHUV DQG G\VOH[LFV LOOXVWUDWLQJ WKH LQWHULQGLYLGXDO YDULDELOLW\ RI *0 GLVWULEXWLRQ
DW WKLV ORFDWLRQ & *0 YROXPHV UDZ VLJQDO LQWHQVLW\ YDOXHV H[SUHVVHG LQ DUELWUDU\ XQLWV DW >  @ DQG > @ LQ QRUPDO
UHDGHUV EODFN DQG G\VOH[LFV JUD\ VKRZLQJ D VLJQLILFDQW *0 DV\PPHWU\ DW WKDW ORFDWLRQ RQO\ IRU QRUPDO UHDGHUV
GRL 1011MRXUQDOSRQH00J00
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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GHWDLOV DUH SURYLGHG LQ 7DEOH  7KLV PDMRU OHIWZDUG DV\PPHWULF
:0 FOXVWHU ZDV DFFRPSDQLHG E\ D VHFRQG ODUJH FOXVWHU
FRYHULQJ WKH OHIW FHUHEHOODU KHPLVSKHUH DQG H[WHQGLQJ LQWR WKH
OHIW LQIHULRU WHPSRUDO J\UXV LQ QRUPDO UHDGHUV DQG G\VOH[LF
SDUWLFLSDQWV 1RUPDO 5HDGHUV N   10 YR[HOV SHDN DW 01,
> 0 @ '\VOH[LFV N   100 YR[HOV SHDN DW 01, >
0 @
5HJLRQV VKRZLQJ D ULJKWZDUG :0 DV\PPHWU\ ZHUH OHVV
QXPHURXV DQG FRQFHUQHG D VPDOOHU FRUWLFDO YROXPH EXW ZHUH
ORFDWHG LQ WKH EDVDO JDQJOLD 1RUPDO 5HDGHUV N    YR[HOV
SHDN DW 01, >1  @ JOREXV SDOOLGXV '\VOH[LFV N   0
YR[HOV SHDN DW 01, 1 1 @ FDXGDWH QXFOHXV DQG IURQWDO
OREH 1RUPDO 5HDGHUV N   1 YR[HOV SHDN DW 01, > 
11@ PHGLDO IURQWDO J\UXV '\VOH[LFV N   1 YR[HOV SHDN DW
01, >@ VXSHULRU IURQWDO J\UXV 2WKHU ULJKWZDUG :0
DV\PPHWULF FOXVWHUV FRPSULVHG WKH FDOFDULQH VXOFXV LQ QRUPDO
UHDGHUV DQG WKH DQWHULRU FLQJXODWH FRUWH[ LQ G\VOH[LFV
%HWZHHQJURXS GLIIHUHQFHV LQ WKH :0 DV\PPHWU\ ZHUH
LQYHVWLJDWHG XVLQJ D WZRVDPSOH WWHVW DW WKH ZKROHEUDLQ OHYHO
XVLQJ WKH VDPH WKUHVKROGLQJ SDUDPHWHUV ):(FRUUHFWHG DW WKH
FOXVWHU OHYHO 300 7KLV DQDO\VLV KRZHYHU UHYHDOHG QR
VLJQLILFDQW JURXS GLIIHUHQFH 3HUIRUPLQJ WKH VDPH DQDO\VLV LQ
WKH ELODWHUDO 67* 52,V XVLQJ VPDOO YROXPH FRUUHFWLRQ GLG QRW
JHQHUDWH DQ\ VLJQLILFDQW UHVXOWV
&RUUHODWLRQ EHWZHHQ DV\PPHWU\ DQG VSHHFKLQQRLVH
:H SHUIRUPHG DQ DQDO\VLV RI WKH FRUUHODWLRQ EHWZHHQ WKH *0
DQG :0 DV\PPHWU\ DQG WKH LQWHOOLJLELOLW\ VFRUHV LQ WKH
0RQDXUDO FRQILJXUDWLRQ DVVRFLDWHG ZLWK VLJQLILFDQW GHILFLW LQ
G\VOH[LFV %HFDXVH FRUUHODWLRQDO DQDO\VHV PD\ \LHOG UDWKHU
ODUJH IDOVHSRVLWLYH UDWHV ZH UHVWULFWHG WKH VHDUFK RI VLJQLILFDQW
FRUUHODWLRQV WR WKH LQVLGH RI V\PPHWULF VXSHULRU WHPSRUDO 52,V
)LJXUH 61 7KLV DQDO\VLV UHYHDOHG D VLJQLILFDQW SRVLWLYH
FRUUHODWLRQ EHWZHHQ WKH LQWHOOLJLELOLW\ VFRUHV LQ WKH 0RQDXUDO
FRQILJXUDWLRQ DQG WKH OHIWZDUG :0 DV\PPHWU\ LQ WKH SRVWHULRU
67* RI G\VOH[LF LQGLYLGXDOV )LJXUH  $%& '\VOH[LFV N   1
YR[HOV SHDN DW 01, > 1 @ 300 ):( FRUUHFWHG ERWK
DW WKH FOXVWHU DQG WKH YR[HOOHYHO 69& 1R VLJQLILFDQW
FRUUHODWLRQ EHWZHHQ WKH *0 DV\PPHWU\ DQG VSHHFKLQQRLVH
LQWHOOLJLELOLW\ PHDVXUHV ZDV REVHUYHG
'LVFXVVLRQ
7KLV VWXG\ ZDV GHVLJQHG WR FKDUDFWHUL]H DQG FRPSDUH WKH
LQWHUKHPLVSKHULF FHUHEUDO DV\PPHWULHV RI JUD\ DQG ZKLWH
PDWWHU GLVWULEXWLRQ LQ G\VOH[LF DGXOWV DQG QRUPDO UHDGHUV DQG
HVWDEOLVK UHODWLRQVKLSV EHWZHHQ WKHVH PRUSKRORJLFDO
FKDUDFWHULVWLFV DQG WKH VSHHFKLQQRLVH SURFHVVLQJ GHILFLW
REVHUYHG LQ G\VOH[LD 7R DFKLHYH WKLV DLP ZH H[SORUHG WKH
GLVWULEXWLRQ RI WKH GLIIHUHQW W\SHV RI EUDLQ WLVVXH XVLQJ D 9%0
EDVHG DV\PPHWU\ DQDO\VLV &RUUHODWLRQV ZLWK WKH VSHHFKLQ
QRLVH LQWHOOLJLELOLW\ PHDVXUHV ZHUH DOVR SHUIRUPHG WR H[DPLQH
WKH VWUXFWXUHIXQFWLRQ UHODWLRQVKLSV LQ ERWK JURXSV
$V\PPHWU\ DQDO\VHV LQ WKH :0 SULPDULO\ LGHQWLILHG D OHIWZDUG
DV\PPHWU\ LQ WKH DUFXDWH IDVFLFXOXV D ZHOOFKDUDFWHUL]HG
JURXS RI :0 EXQGOHV LQYROYHG LQ WKH VSHFLDOL]DWLRQ RI ODQJXDJH
DQG VSHHFK LQ WKH OHIWKHPLVSKHUH RI WKH KXPDQ EUDLQ 1R
JURXS GLIIHUHQFH EHWZHHQ G\VOH[LFV DQG QRUPDO UHDGHUV
HPHUJHG WKHUHIRUH ZH ZLOO QRW IXUWKHU GLVFXVV WKLV DVSHFW 7KH
UHVXOWV RI WKH *0 DV\PPHWU\ DQDO\VLV GHPRQVWUDWHG D
VLJQLILFDQW ULJKWZDUG *0 DV\PPHWU\ LQYROYLQJ D ODUJH FOXVWHU
FHQWHUHG DW WKH ERUGHU EHWZHHQ 67* %$  DQG 07* %$ 1 LQ
ERWK JURXSV RI SDUWLFLSDQWV LQLWLDWLQJ DORQJ WKH VXSHULRU
WHPSRUDO VXOFXV 676 DW WKH FDXGDO H[WUHPLW\ DQG H[WHQGLQJ
IRUZDUG WR DSSUR[LPDWHO\ WZRWKLUGV RI WKH OHQJWK RI WKH
WHPSRUDO OREH 7KLV REVHUYDWLRQ LV FRQVLVWHQW ZLWK SUHYLRXV
PRUSKRORJLFDO DV\PPHWU\ VWXGLHV WKDW FKDUDFWHUL]HG WKLV *0
DV\PPHWU\ >@ ,QWHUHVWLQJO\ LQ WKH SUHVHQW VWXG\ WKLV
PRUSKRORJLFDO DV\PPHWU\ ZDV DVVRFLDWHG ZLWK D VLJQLILFDQW
JURXS GLIIHUHQFH G\VOH[LF SDUWLFLSDQWV VKRZHG UHGXFHG *0
)LJXUH   :KLWH PDWWHU DV\PPHWU\ ZKROHEUDLQ DQDO\VLV  7KH LPDJHV VKRZ FHUHEUDO UHJLRQV ZLWK D VLJQLILFDQW FOXVWHUOHYHO
):(FRUUHFWHG 300 :0 GLVWULEXWLRQ DV\PPHWU\ LQ WKH QRUPDO UHDGHUV XSSHU URZ DQG G\VOH[LF SDUWLFLSDQWV ORZHU URZ 7KH
VLJQLILFDQW FOXVWHUV DUH GLVSOD\HG RQ WKH PHDQ :0 LPDJH RI WKH ZKROH VDPSOH RI SDUWLFLSDQWV
GRL 1011MRXUQDOSRQH00J00
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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DV\PPHWU\ LQ DQ DUHD ORFDWHG DW 01, >  @ DW DERXW
PLGOHQJWK RI WKH ULJKW676 7KH H[WUDFWLRQ RI WKH *0 YROXPHV
DW WKLV ORFDWLRQ UHYHDOHG WKDW LQ FRQWUDVW WR QRUPDO UHDGHUV ZKR
H[KLELWHG VLJQLILFDQWO\ PRUH *0 RQ WKH ULJKW FRPSDUHG ZLWK WKH
OHIW VLGH G\VOH[LFV GLG QRW VKRZ WKLV DV\PPHWU\ 7KLV UHVXOW LV
FRQVLVWHQW ZLWK IRUPHU REVHUYDWLRQV RI UHGXFHG IXQFWLRQDO
DV\PPHWU\ LQ G\VOH[LD SDUWLFXODUO\ LQ UHJLRQV DVVRFLDWHG ZLWK
DXGLWRU\ DQG VSHHFK SURFHVVLQJ >@ 0RUHRYHU
IXQFWLRQDO DEQRUPDOLWLHV KDYH EHHQ REVHUYHG LQ G\VOH[LF DGXOWV
LQ WKH ULJKW 676 GXULQJ ZRUG SURFHVVLQJ >@ 7KLV ULJKWZDUG
PLG676 DV\PPHWU\ FRXOG GLUHFWO\ UHIOHFW WKH IXQFWLRQDO
VSHFLDOL]DWLRQ RI WKLV UHJLRQ IRU WKH SURFHVVLQJ RI YRLFH
LQIRUPDWLRQ LQ KXPDQV >0@ 7KH ORFXV LQ ZKLFK ZH REVHUYHG
ULJKWZDUG DV\PPHWU\ ZDV WHUPHG WKH 7HPSRUDO 9RLFH $UHD
79$ GHVFULEHG E\ *URVVPDQ HW DO >@ DQG &KDUHVW HW DO
>1@ 7KLV DUHD LV D FRXQWHUH[DPSOH RI D FRUWLFDO UHJLRQ ZLWK D
SRWHQWLDOO\ LPSRUWDQW UROH LQ VSHHFK SHUFHSWLRQ DQG D FOHDU
ULJKWZDUG IXQFWLRQDO DV\PPHWU\ >0@ SRWHQWLDOO\ UHVXOWLQJ IURP
DQ XQGHUO\LQJ ULJKWZDUG PRUSKRORJLFDO DV\PPHWU\ LQ WKH *0
>@ 7KLV UHJLRQ LV FOHDUO\ VHQVLWLYH WR KXPDQ YRLFH FRPSDUHG
ZLWK RWKHU FRPSOH[ EXW VFUDPEOHG VRXQGV ZLWKRXW WKH
KDUPRQLF VWUXFWXUH RI YRLFLQJ >@ 6SHFLILFDOO\ WKH DQWHULRU WR
PLG 67667* KDV EHHQ SUHYLRXVO\ OLQNHG WR SURFHVVHV
DVVRFLDWHG ZLWK UHFRJQL]LQJ DQG GLUHFWLQJ DWWHQWLRQ WRZDUG
YRLFH FKDUDFWHULVWLFV ZKHQ KHDULQJ VSHHFK >@ )XUWKHUPRUH
WKLV UHJLRQ PLJKW DOVR EH LQYROYHG LQ WKH SURFHVVLQJ RI
FRPSHWLQJ DXGLWRU\ VRXUFHV >@ DQG FRXOG WKHUHIRUH SOD\ D UROH
LQ WKH SURFHVVLQJ RI PDVNHG VSHHFK >@ 7KH ULJKW 676 PLJKW
SOD\ DQ LPSRUWDQW UROH LQ WKH FRUWLFDO QHWZRUN GXULQJ WKH
FRFNWDLOSDUW\ HIIHFW SDUWLFXODUO\ GXULQJ VSHHFKLQVSHHFK
FRPSUHKHQVLRQ ,Q WKLV VLWXDWLRQ WKH VWUHDPLQJ RI LQGLYLGXDO
YRLFHV EDVHG RQ WKH SURFHVVLQJ RI IXQGDPHQWDO IUHTXHQFLHV
7DEOH  :KLWH PDWWHU DV\PPHWULHV
 $$/ 5HJLRQ &OXVWHU 6L]H YR[HOV &RUU SYDOXHFOXVW OHYHO &RUU SYDOXHYR[ OHYHO 7 PD[ 3HDN ORFDWLRQ 01, FRRUGLQDWHV
      [ \ ]
1RUPDO 5HDGHUV
/HIW +HP +HVFKO67*,)* 1 001 0001 11 0 1 10
 &HUHEHOOXP  ,7* 10 001 001 1  0 
 0HGLDO 2FFLSLWDO *\UXV  001 00 110 1  1
 3UHFXQHXV  000 0    
 3DUDFHQWUDO /REXOH  000 0    
 3UHFXQHXV 10 001 0  11  
5LJKW +HP 3DOOLGXP  001 011 1 1  
 0HGLDO )URQWDO *\UXV 1 0001 0 1   11
 /LQJXDO *\UXV 11 001 0  1  
 $QWHULRU &LQJXODWH  001 0   0 
 &DOFDULQH 6XOFXV 1 00 01    1
 3XWDPHQ 1 000 00 11  1 1
'\VOH[LFV
/HIW +HP ,)*  /HIW 07* 1 001 0001 1   0
 &HUHEHOOXP 100 001 000 1  0 
 &XQHXV  000 0  1  1
 ,)* 1 000 0  0  
 ,QIHULRU 3DULHWDO 1 000 0    
 07* 1 001 01 1   1
 3UHFHQWUDO *\UXV  001 0   11 
 6XSHULRU 2FFLSLWDO *\UXV  001 0 1 1  1
5LJKW +HP &DXGDWH 0 001 000 11 1 1 
 6XSHULRU )URQWDO *\UXV 1 0001 0    
 $QWHULRU &LQJXODWH  00 00    1
'HWDLOHG UHVXOWV IURP WKH ZKROHEUDLQ DQDO\VLV LQ ERWK SDUWLFLSDQWV¶ JURXSV 6WDWLVWLFDO WKUHVKROGV VHW DW 300 ):( FRUUHFWHG DW WKH FOXVWHU OHYHO 5HVXOWV DUH UDQNHG
GHSHQGLQJ RQ FOXVWHU H[WHQW $V\PPHWU\ GLIIHUHQFHV DOVR VLJQLILFDQW 300  ):( FRUUHFWHG DW WKH YR[HOOHYHO DUH PDUNHG EROG
GRL 1011MRXUQDOSRQH00W00
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LH I0 FKDUDFWHULVWLFV LV NH\ WR VXFFHVVIXOO\ PDLQWDLQLQJ
LQWHOOLJLELOLW\ LQ DQ HQYLURQPHQW ZKHUH PXOWLSOH YRLFHV DUH
SUHVHQW WRJHWKHU >0@ ,QGHHG WKLV OLVWHQLQJ VLWXDWLRQ
FRQVWLWXWHV D WKUHHIROG FKDOOHQJH LQYROYLQJ WKH LQWHJUDWLRQ RI
OLQJXLVWLF VSDWLDO ORFDOL]DWLRQ DQG DXGLWRU\ REMHFW LGHQWLILFDWLRQ
SURFHVVHV &RQVLVWHQWO\ $OWPDQQ HW DO VKRZHG XVLQJ GLIIHUHQW
DQLPDO YRFDOL]DWLRQV WKDW FRXOG FKDQJH HLWKHU WKH QDWXUH RU WKH
VSDWLDO ORFDWLRQ RI WKH VRXUFH WKDW WKH ULJKW 676 ZDV KLJKO\
VHQVLWLYH WR FKDQJHV LQ WKH LGHQWLW\ RI WKH DXGLWRU\ REMHFW
UHSUHVHQWHG DQG OHVV VHQVLWLYH WR FKDQJHV LQ VSDWLDO SRVLWLRQ
>1@ 7KHUHIRUH WKH ULJKW 676 UHJLRQ LV VSHFLILFDOO\ HQJDJHG
LQ WKH UHFRJQLWLRQ DQG LGHQWLILFDWLRQ RI FRPSOH[ DXGLWRU\ REMHFWV
EHORQJLQJ WR GLIIHUHQW VHPDQWLF FDWHJRULHV >@ 7KH ULJKW
676 ZRXOG WKHUHIRUH EH UHVSRQVLEOH IRU WKH REMHFWIROG RI WKH
VSHHFKLQVSHHFK VLWXDWLRQ LGHQWLI\LQJ UHSUHVHQWLQJ DQG
WUDFNLQJ VSHFLILF YRLFHV RYHU WLPH 7KH UHGXFWLRQ RI *0 LQ WKLV
DUHD LQ G\VOH[LF SDUWLFLSDQWV FRXOG UHIOHFW WKH UHGXFHG IXQFWLRQDO
VSHFLDOL]DWLRQ RI WKLV UHJLRQ WRZDUGV WKH SURFHVVLQJ RI DXGLWRU\
REMHFWV VSHFLILF WR KXPDQ YRLFHV DVVRFLDWHG ZLWK WKH VSHHFK
LQQRLVH GHILFLW REVHUYHG LQ G\VOH[LFV >11@
$QRWKHU UROH SURSRVHG IRU WKH ULJKW PLGGOH 676 LQYROYHV WKH
SURFHVVLQJ RI VSHHFK UK\WKPV DQG LQWRQDWLRQ >@ 7KH
SURFHVVLQJ RI LQWRQDWLRQ SULPDULO\ UHOLHV RQ YDULDWLRQV LQ SLWFK
FRQWRXUV I0 ZKHUHDV WKH SURFHVVLQJ RI VSHHFK UK\WKP UHOLHV
RQ WKH SURFHVVLQJ RI VORZ PRGXODWLRQV HQYHORSH 1RWDEO\
G\VOH[LF SHRSOH H[KLELW GHILFLWV LQ WKH SURFHVVLQJ RI VORZ
DPSOLWXGH PRGXODWLRQV GXULQJ DXGLWRU\ DQG VSHHFK SURFHVVLQJ
>@ DQG WKHVH SURFHVVHV LQYROYH ULJKW DXGLWRU\ UHJLRQV >@
,Q DGGLWLRQ WKLV REVHUYDWLRQ LV FRQVLVWHQW ZLWK WKH K\SRWKHVLV RI
DQ LQYROYHPHQW RI WKH ULJKW 676 LQ WKH VSHHFKLQQRLVH
SHUFHSWLRQ GHILFLW LQ G\VOH[LD DV VORZ PRGXODWLRQV DUH D FUXFLDO
FXH LQ WKH SURFHVVLQJ RI VSHHFKLQQRLVH >100@ 7KH TXHVWLRQ RI
WKH FDXVDO UHODWLRQ EHWZHHQ G\VOH[LD DQG PRUSKRORJLFDO JUD\
PDWWHU SODVWLFLW\ UHPDLQV 7KHUHIRUH DGGLWLRQDO VWXGLHV DUH
QHHGHG WR FODULI\ WKLV LVVXH
7KH VHFRQG PDMRU REVHUYDWLRQ LQ WKLV VWXG\ ZDV WKH
SUHVHQFH RI D VLJQLILFDQW FRUUHODWLRQ EHWZHHQ WKH VSHHFKLQ
QRLVH DELOLWLHV LQ WKH G\VOH[LF JURXS DQG WKH :0 OHIWZDUG
DV\PPHWU\ LQ WKH SRVWHULRU 67* LQGLFDWLQJ WKDW ZKHQ WKH :0
ZDV PRUH OHIWZDUG DV\PPHWULF LQ G\VOH[LF LQGLYLGXDOV WKH
SHUIRUPDQFH ZDV EHWWHU LQ WKH VSHHFKLQQRLVH WHVW 7KLV UHVXOW
ZDV FRQVLVWHQW ZLWK D QXPEHU RI VWXGLHV VKRZLQJ WKH
LQYROYHPHQW RI WKH OHIW VXSHULRU WHPSRUDO UHJLRQV LQ VSHHFK
SURFHVVLQJ 6SHFLILFDOO\ VXSHULRU WHPSRUDO DFWLYDWLRQV LQ I05,
VWXGLHV KDYH EHHQ REWDLQHG ZKHQ KHDULQJ VSHHFKLQQRLVH
>10110@ )RU H[DPSOH =HFNYHOG HW DO >10@ VKRZHG WKDW LQ
GLIILFXOW OLVWHQLQJ VLWXDWLRQV VXFK DV IRU D  G% 615 YHUVXV D
0 G% 615 WKHUH ZDV DFWLYDWLRQ LQ WKH OHIW SRVWHULRU 67* :H
GLG QRW REVHUYH WKH VDPH FRUUHODWLRQ LQ WKH QRUPDOUHDGHUV
JURXS OLNHO\ UHIOHFWLQJ D ODFN RI YDULDELOLW\ LQ WKH UHVXOWV IURP WKH
VSHHFKLQQRLVH WHVW IRU WKLV JURXS DV REVHUYHG LQ 7DEOH 1
7KLV UHJLRQ FRUUHVSRQGV WR WKH FDXGDO DVSHFW RI %$
:HUQLFNH¶V DUHD ZKLFK LV D PDMRU HQG RI WKH DUFXDWH
IDVFLFXOXV LWV DXGLWRU\SKRQRORJLFDO HQG 7KH FRUUHODWLRQ
)LJXUH   7KH UHVXOWV RI WKH FRUUHODWLRQ DQDO\VLV EHWZHHQ WKH VSHHFKLQQRLVH LQWHOOLJLELOLW\ VFRUHV LQ WKH 0RQDXUDO
FRQILJXUDWLRQ DQG :0 DV\PPHWU\ LQ G\VOH[LF SDUWLFLSDQWV  $ EHKDYLRUDO UHVXOWV RI WKH VSHHFKLQQRLVH FRPSUHKHQVLRQ WHVW
7KH LQWHOOLJLELOLW\ RI WKH LQGLYLGXDO ZRUGV SUHVHQWHG LQ D WDONHUV EDEEOH QRLVH LQ WKUHH OLVWHQLQJ FRQGLWLRQV 'LFKRWLF 0RQDXUDO
6SDWLDOL]HG % &RUUHODWLRQ EHWZHHQ WKH VSHHFKLQQRLVH FRPSUHKHQVLRQ VFRUHV DQG :0 DV\PPHWU\ DW > 1 @ IRU G\VOH[LF
SDUWLFLSDQWV & 9LVXDOL]DWLRQ RI WKH VLJQLILFDQW FOXVWHU UHIOHFWLQJ WKH FRUUHODWLRQ EHWZHHQ :0 YROXPH DQG VSHHFK LQ QRLVH VFRUHV
FHQWHUHG DW > 1 @ LQ G\VOH[LF SDUWLFLSDQWV RQO\
GRL 1011MRXUQDOSRQH00J00
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
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EHWZHHQ ZKLWH PDWWHU GHQVLW\ DW WKLV ORFDWLRQ DQG WKH VSHHFK
LQQRLVH GHILFLW PLJKW UHIOHFW WKH SKRQRORJLFDOOLQJXLVWLF
FRPSRXQG RI WKH VSHHFKLQQRLVH GHILFLW :KHQ OLVWHQLQJ WR
VSHHFK WKLV UHJLRQ LV RIWHQ DVVRFLDWHG ZLWK SKRQRORJLFDO
SURFHVVLQJ DQG WKH LGHQWLILFDWLRQ RI SKRQHPHV LQ VSHHFK
VWUHDPV :KHQ OLVWHQLQJ WR VSHHFK LQ QRLV\ HQYLURQPHQWV WKH
IXQFWLRQDO FRQQHFWLYLW\ EHWZHHQ WKHVH UHJLRQV DQG WKH IURQWDO
UHJLRQV DW WKH RWKHU HQG RI WKH DUFXDWH IDVFLFXOXV LQFUHDVHV
>1010@ DV PRWRU UHSUHVHQWDWLRQV RI VSHHFK DUH UHFUXLWHG WR
IDFLOLWDWH LQWHOOLJLELOLW\ $ ODFN RI :0 LQ WKLV UHJLRQ PLJKW EH
DVVRFLDWHG ZLWK GLIILFXOWLHV LQ VSHHFKLQQRLVH FRPSUHKHQVLRQ
WDVNV DQG LV XOWLPDWHO\ DVVRFLDWHG ZLWK WKH SKRQRORJLFDO GHILFLW
REVHUYHG LQ G\VOH[LD KRZHYHU DGGLWLRQDO VWXGLHV DUH QHHGHG
WR IXUWKHU LQYHVWLJDWH WKHVH DVSHFWV
7KH LQWHUSUHWDWLRQ RI WKH UHVXOWV RI WKLV 9%0EDVHG DQDO\VLV
VKRXOG EH FDUHIXOO\ XQGHUWDNHQ ,QGHHG 9%0 GLG QRW SURYLGH
LQIRUPDWLRQ RQ WKH PLFURVFRSLF VWUXFWXUHV LQ WKH FRUWLFDO
UHJLRQV DQG WKH UHVXOWV ZHUH QRW VSHFLILF WR XQGHUO\LQJ WLVVXH
SURSHUWLHV 7KH GHVFULEHG FKDQJHV PLJKW UHIOHFW QRW RQO\
PRGLILFDWLRQV LQ QHXURQDO GHQVLW\ EXW PD\ DOVR LQGLFDWH RWKHU
FHOOXODU PRGLILFDWLRQV VXFK DV GLIIHUHQFHV LQ WKH GHQVLW\ DQG
VL]H RI RWKHU FHOO W\SHV P\HOLQDWLRQ RU YDVFXODUL]DWLRQ >@
7KXV DGGLWLRQDO VWXGLHV DUH UHTXLUHG WR XQGHUVWDQG WKH SUHFLVH
FHOOXODU EDVLV XQGHUO\LQJ G\VOH[LD ,Q WKLV IUDPHZRUN VWXGLHV
FRPELQLQJ WKH XVH RI GLIIHUHQW QHXURLPDJLQJ WHFKQLTXHV I05,
9%0 '7, DQG PRUH SUHFLVH DQDWRPLFDO WHFKQLTXHV VXFK DV
WKH PHDVXUHPHQW RI FRUWLFDO WKLFNQHVV ILEHU WUDFNLQJ RU
DQDO\VHV RI EUDLQ VXOFL DUH FOHDUO\ QHHGHG
&RQFOXVLRQV
7KH UHVXOWV RI WKLV VWXG\ FRQWULEXWH WR WKH FKDUDFWHUL]DWLRQ RI
WKH PRUSKRORJLFDO GHILFLWV LQ G\VOH[LD 2XU PDMRU ILQGLQJV
FRQILUPHG ERWK WKH SUHVHQFH RI D VLJQLILFDQW GHILFLW LQ WKH
SHUFHSWLRQ RI PDVNHG VSHHFK DQG WKH H[LVWHQFH RI *0
DEQRUPDOLWLHV LQ UHJLRQV WUDGLWLRQDOO\ DVVRFLDWHG ZLWK VSHHFK
SURFHVVLQJ 0RUHRYHU WKHVH UHVXOWV H[WHQG WKH ILQGLQJV RI
SUHYLRXV VWXGLHV VKRZLQJ *0 DQG :0 YROXPH UHGXFWLRQ LQ WKH
VXSHULRU WHPSRUDO UHJLRQV DQG KLJKOLJKWLQJ WZR LPSRUWDQW
SRLQWV ILUVW WKH ULJKWZDUG *0 DV\PPHWU\ LV UHGXFHG LQ WKH
676 D UHJLRQ LQYROYHG LQ SURFHVVLQJ IXQFWLRQV VXFK DV
VSHHFKLQQRLVH RU DXGLWRU\ WHPSRUDO SURFHVVLQJ ZKLFK DUH
LPSDLUHG LQ G\VOH[LD 6HFRQG VSHHFKLQQRLVH DELOLWLHV DUH
GHSHQGHQW RQ WKH :0 DV\PPHWU\ RI WKH DXGLWRU\ UHJLRQV DW
OHDVW LQ WKH G\VOH[LF JURXS 7KHVH UHVXOWV VXJJHVW SRWHQWLDOO\
LPSDLUHG SURFHVVLQJ LQ VHFRQGDU\ DXGLWRU\ UHJLRQV UHVXOWLQJ LQ
GLIILFXOWLHV LQ VSHHFKLQQRLVH FRPSUHKHQVLRQ 7DNHQ WRJHWKHU
WKHVH ILQGLQJV FOHDUO\ KLJKOLJKW WKH QHFHVVLW\ RI IXQFWLRQDO
PHDVXUHV IRU WKHVH UHJLRQV GXULQJ VSHHFKLQQRLVH SHUFHSWLRQ
WR EHWWHU FKDUDFWHUL]H WKH LQYROYHPHQW RI WKHVH DUHDV LQ WKH
GHILFLW SUHVHQW LQ G\VOH[LD
6XSSRUWLQJ ,QIRUPDWLRQ




7KH DXWKRUV ZRXOG OLNH WR WKDQN WKH G\VOH[LF DGXOWV DQG
LQGLYLGXDOV LQ WKH FRQWURO JURXS ZKR SDUWLFLSDWHG LQ WKLV VWXG\
7KH DXWKRUV ZRXOG DOVR OLNH WR WKDQN -HDQ/XF $QWRQ 0XULHO
5RWK DQG %UXQR 1D]DULDQ IURP WKH µ%UDLQ ,PDJLQJ &HQWHU /D
7LPRQH¶ 0DUVHLOOHV IRU LQYDOXDEOH KHOS ZLWK WKH I05, GDWD
FROOHFWLRQ DQG DQDO\VHV DQG 'U (YHO\QH 9HXLOOHW DQG $XURUH
*DXWUHDX IRU DGGLWLRQDO DVVLVWDQFH ZLWK WKH GDWD FROOHFWLRQ DQG
VWLPXOL JHQHUDWLRQ 0RUHRYHU WKH DXWKRUV WKDQN WKH WKUHH
DQRQ\PRXV UHYLHZHUV IRU LQYDOXDEOH DVVLVWDQFH ZLWK WKH
SUHYLRXV YHUVLRQV RI WKH PDQXVFULSW
$XWKRU &RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV 0' )0 0+
3HUIRUPHG WKH H[SHULPHQWV 0' $QDO\]HG WKH GDWD 0' 0+
&RQWULEXWHG UHDJHQWVPDWHULDOVDQDO\VLV WRROV 0' 0+ :URWH
WKH PDQXVFULSW 0' 0+ )0
5HIHUHQFHV
1 6KD\ZLW] 6 00 2YHUFRPLQJ G\VOH[LD 1HZ <RUN 86$ 9LQWDJH
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 )UDXHQKHLP -* 1 $FDGHPLF DFKLHYHPHQW FKDUDFWHULVWLFV RI DGXOW
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11  GRL1011001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00
7KHRULHV RI GHYHORSPHQWDO G\VOH[LD LQVLJKWV IURP D PXOWLSOH FDVH VWXG\
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 1 GRL1010EUDLQDZJ0
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000 2Q
VXEW\SHV RI GHYHORSPHQWDO G\VOH[LD HYLGHQFH IURP SURFHVVLQJ WLPH
DQG DFFXUDF\ VFRUHV &DQ - ([S 3V\FKRO  10 GRL1010
K00 3XE0HG 101
 1HOVRQ +( :DUULQJWRQ (. 10 $Q LQYHVWLJDWLRQ RI PHPRU\ IXQFWLRQV
LQ G\VOH[LF FKLOGUHQ %U - 3V\FKRO 1 0 GRL101111M
010WE01[ 3XE0HG 
 7UHF\ 03 6WHYH 0 0DUWLQH 3 01 ,PSDLUHG VKRUWWHUP PHPRU\ IRU
RUGHU LQ DGXOWV ZLWK G\VOH[LD 5HV 'HY 'LVDELO  11 GRL
10101MULGG01000 3XE0HG 
 'HQFNOD 0% 5XGHO 5* 1 5DSLG DXWRPDWL]HG QDPLQJ 5$1
G\VOH[LD GLIIHUHQWLDWHG IURP RWKHU OHDUQLQJ GLVDELOLWLHV
1HXURSV\FKRORJLD 1 1 GRL1010100000
3XE0HG 0
 %RHWV % *KHVTXLqUH 3 YDQ :LHULQJHQ $ :RXWHUV - 00 6SHHFK
SHUFHSWLRQ LQ SUHVFKRROHUV DW IDPLO\ ULVN IRU G\VOH[LD UHODWLRQV ZLWK ORZ
OHYHO DXGLWRU\ SURFHVVLQJ DQG SKRQRORJLFDO DELOLW\ %UDLQ /DQJ 101
10 GRL10101MEDQGO00000 3XE0HG 11
10 %RHWV % :RXWHUV - YDQ :LHULQJHQ $ *KHVTXLqUH 3 00 $XGLWRU\
SURFHVVLQJ VSHHFK SHUFHSWLRQ DQG SKRQRORJLFDO DELOLW\ LQ SUHVFKRRO
FKLOGUHQ DW KLJKULVN IRU G\VOH[LD D ORQJLWXGLQDO VWXG\ RI WKH DXGLWRU\
WHPSRUDO SURFHVVLQJ WKHRU\ 1HXURSV\FKRORJLD  1010 GRL
10101MQHXURSV\FKRORJLD000100 3XE0HG 101
11 %UDGORZ $5 .UDXV 1 +D\HV ( 00 6SHDNLQJ FOHDUO\ IRU FKLOGUHQ
ZLWK OHDUQLQJ GLVDELOLWLHV VHQWHQFH SHUFHSWLRQ LQ QRLVH - 6SHHFK /DQJ
+HDU 5HV  0 GRL1010100000 3XE0HG
10
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
3/26 21( _ ZZZSORVRQHRUJ 11 2FWREHU 01 _ 9ROXPH  _ ,VVXH 10 _ H
1 %UDG\ 6 6KDQNZHLOHU ' 0DQQ 9 1 6SHHFK SHUFHSWLRQ DQG
PHPRU\ FRGLQJ LQ UHODWLRQ WR UHDGLQJ DELOLW\ - ([S &KLOG 3V\FKRO 
 GRL1010100000 3XE0HG 11
1 =LHJOHU -& 3HFK*HRUJHO & *HRUJH ) /RUHQ]L & 00 6SHHFK
SHUFHSWLRQLQQRLVH GHILFLWV LQ G\VOH[LD 'HY 6FL 1  GRL
101111M100001[ 3XE0HG 10
1 'ROH 0 +RHQ 0 0HXQLHU ) 01 6SHHFKLQQRLVH SHUFHSWLRQ GHILFLW
LQ DGXOWV ZLWK G\VOH[LD (IIHFWV RI EDFNJURXQG W\SH DQG OLVWHQLQJ
FRQILJXUDWLRQ 1HXURSV\FKRORJLD 0 11 GRL10101
MQHXURSV\FKRORJLD01000 3XE0HG 1
1 +RHIW ) 0H\OHU $ +HUQDQGH] $ -XHO & 7D\ORU+LOO + HW DO 00
)XQFWLRQDO DQG PRUSKRPHWULF EUDLQ GLVVRFLDWLRQ EHWZHHQ G\VOH[LD DQG
UHDGLQJ DELOLW\ 3URF 1DWO $FDG 6FL 8 6 $ 10  GRL1010
SQDV0010 3XE0HG 100
1 3XJK .5 0HQFO :( 6KD\ZLW] %$ 6KD\ZLW] 6( )XOEULJKW 5. HW DO
000 7KH DQJXODU J\UXV LQ GHYHORSPHQWDO G\VOH[LD WDVNVSHFLILF
GLIIHUHQFHV LQ IXQFWLRQDO FRQQHFWLYLW\ ZLWKLQ SRVWHULRU FRUWH[ 3V\FKRO
6FL 11 1 GRL10111110001 3XE0HG 11
1 +DELE 0 000 7KH QHXURORJLFDO EDVLV RI GHYHORSPHQWDO G\VOH[LD DQ
RYHUYLHZ DQG ZRUNLQJ K\SRWKHVLV %UDLQ 1  GRL1010
EUDLQ11 3XE0HG 110
1 +LFNRN * 00 7KH IXQFWLRQDO QHXURDQDWRP\ RI ODQJXDJH 3K\V /LIH
5HY  111 GRL10101MSOUHY000001 3XE0HG 0110
1 3ULFH &- 01 $ UHYLHZ DQG V\QWKHVLV RI WKH ILUVW 0 \HDUV RI 3(7 DQG
I05, VWXGLHV RI KHDUG VSHHFK VSRNHQ ODQJXDJH DQG UHDGLQJ
1HXUR,PDJH  1 GRL10101MQHXURLPDJH0100
3XE0HG 
0 6DOR ( 5LQQH 7 6DORQHQ 2 $OKR . 01 %UDLQ DFWLYLW\ GXULQJ
DXGLWRU\ DQG YLVXDO SKRQRORJLFDO VSDWLDO DQG VLPSOH GLVFULPLQDWLRQ
WDVNV %UDLQ 5HV 1  GRL10101MEUDLQUHV01101
3XE0HG 1
1 6DUNDUL 6 6LPRV 3* )OHWFKHU -0 &DVWLOOR (0 %UHLHU -, HW DO 00
&RQWULEXWLRQV RI PDJQHWLF VRXUFH LPDJLQJ WR WKH XQGHUVWDQGLQJ RI
G\VOH[LD 6HPLQ 3HGLDWU 1HXURO   GRL1010VSHQ
000 3XE0HG 100
 .URQELFKOHU 0 +XW]OHU ) 6WDIIHQ : 0DLU $ /DGXUQHU * HW DO 00
(YLGHQFH IRU D G\VIXQFWLRQ RI OHIW SRVWHULRU UHDGLQJ DUHDV LQ *HUPDQ
G\VOH[LF UHDGHUV 1HXURSV\FKRORJLD  11 GRL10101
MQHXURSV\FKRORJLD000010 3XE0HG 100
 3DXOHVX ( 'pPRQHW -) )D]LR ) 0F&URU\ ( &KDQRLQH 9 HW DO 001
'\VOH[LD FXOWXUDO GLYHUVLW\ DQG ELRORJLFDO XQLW\ 6FLHQFH 1
11 GRL1011VFLHQFH101 3XE0HG 1111
 %UXQVZLFN 1 0F&URU\ ( 3ULFH &- )ULWK &' )ULWK 8 1 ([SOLFLW DQG
LPSOLFLW SURFHVVLQJ RI ZRUGV DQG SVHXGRZRUGV E\ DGXOW GHYHORSPHQWDO
G\VOH[LFV D VHDUFK IRU :HUQLFNH¶V :RUWVFKDW]" %UDLQ 1 10111
GRL1010EUDLQ110101 3XE0HG 1000
 &DR ) %LWDQ 7 &KRX 7/ %XUPDQ '' %RRWK -5 00 'HILFLHQW
RUWKRJUDSKLF DQG SKRQRORJLFDO UHSUHVHQWDWLRQV LQ FKLOGUHQ ZLWK G\VOH[LD
UHYHDOHG E\ EUDLQ DFWLYDWLRQ SDWWHUQV - &KLOG 3V\FKRO 3V\FKLDWU\ 
101100 GRL101111M1100001[ 3XE0HG
10
 6KD\ZLW] %$ 6KD\ZLW] 6( 3XJK .5 0HQFO :( )XOEULJKW 5. HW DO
00 'LVUXSWLRQ RI SRVWHULRU EUDLQ V\VWHPV IRU UHDGLQJ LQ FKLOGUHQ ZLWK
GHYHORSPHQWDO G\VOH[LD %LRO 3V\FKLDWU\  101110 GRL10101
6000001 3XE0HG 111001
 9HXLOOHW ( 0DJQDQ $ (FDOOH - 7KDL9DQ + &ROOHW / 00 $XGLWRU\
SURFHVVLQJ GLVRUGHU LQ FKLOGUHQ ZLWK UHDGLQJ GLVDELOLWLHV HIIHFW RI
DXGLRYLVXDO WUDLQLQJ %UDLQ 10 1 GRL1010EUDLQDZP
3XE0HG 1111
 +HLP 6 (XOLW] & (OEHUW 7 00 $OWHUHG KHPLVSKHULF DV\PPHWU\ RI
DXGLWRU\ 3100P LQ G\VOH[LD (XU - 1HXURVFL 1 111 GRL
1010M10000[ 3XE0HG 1
 +HLP 6 (XOLW] & (OEHUW 7 00 $OWHUHG KHPLVSKHULF DV\PPHWU\ RI
DXGLWRU\ 1100P LQ DGXOWV ZLWK GHYHORSPHQWDO G\VOH[LD 1HXURUHSRUW 1
010 3XE0HG 11
0 3RHSSHO ' 00 7KH DQDO\VLV RI VSHHFK LQ GLIIHUHQW WHPSRUDO
LQWHJUDWLRQ ZLQGRZV FHUHEUDO ODWHUDOL]DWLRQ DV 
DV\PPHWULF VDPSOLQJ LQ
WLPH
 6SHHFK &RPPXQ 1  GRL10101
60100010
1 *LUDXG $/ .OHLQVFKPLGW $ 3RHSSHO ' /XQG 7( )UDFNRZLDN 56 HW DO
00 (QGRJHQRXV FRUWLFDO UK\WKPV GHWHUPLQH FHUHEUDO VSHFLDOL]DWLRQ
IRU VSHHFK SHUFHSWLRQ DQG SURGXFWLRQ 1HXURQ  1111 GRL
10101MQHXURQ0000 3XE0HG 10
 /HKRQJUH . 5DPXV ) 9LOOLHUPHW 1 6FKZDUW] ' *LUDXG $/ 011
$OWHUHG ORZJDPPD VDPSOLQJ LQ DXGLWRU\ FRUWH[ DFFRXQWV IRU WKH WKUHH
PDLQ IDFHWV RI G\VOH[LD 1HXURQ  100100 GRL10101MQHXURQ
0111100 3XE0HG 11
 *UDWDORXS & +RHQ 0 9HXLOOHW ( &ROOHW / 3HOOHJULQR ) HW DO 00
6SHHFK UHVWRUDWLRQ DQ LQWHUDFWLYH SURFHVV - 6SHHFK /DQJ +HDU 5HV
  GRL1010100000 3XE0HG
11
 6SLURQHOOL & 3HQROD]]L % 9LR & $QJULOOL $ 010 &RUWLFDO
UHRUJDQL]DWLRQ LQ G\VOH[LF FKLOGUHQ DIWHU SKRQRORJLFDO WUDLQLQJ HYLGHQFH
IURP HDUO\ HYRNHG SRWHQWLDOV %UDLQ 1  GRL1010EUDLQ
DZT1 3XE0HG 011
 3HUUH / 3DWWDPDGLORN & 0RQWDQW 0 =LHJOHU -& 00 2UWKRJUDSKLF
HIIHFWV LQ VSRNHQ ODQJXDJH RQOLQH DFWLYDWLRQ RU SKRQRORJLFDO
UHVWUXFWXULQJ" %UDLQ 5HV 1 0
 =DWRUUH 5- )LHOGV 5' -RKDQVHQ%HUJ + 01 3ODVWLFLW\ LQ JUD\ DQG
ZKLWH QHXURLPDJLQJ FKDQJHV LQ EUDLQ VWUXFWXUH GXULQJ OHDUQLQJ 1DW
1HXURVFL 1  GRL1010QQ0 3XE0HG 
 *DODEXUGD $0 6KHUPDQ *) 5RVHQ *' $ERLWL] ) *HVFKZLQG 1
1 'HYHORSPHQWDO G\VOH[LD IRXU FRQVHFXWLYH SDWLHQWV ZLWK FRUWLFDO
DQRPDOLHV $QQ 1HXURO 1  GRL10100DQD101010
3XE0HG 0
 +XPSKUH\V 3 .DXIPDQQ :( *DODEXUGD $0 10 'HYHORSPHQWDO
G\VOH[LD LQ ZRPHQ QHXURSDWKRORJLFDO ILQGLQJV LQ WKUHH SDWLHQWV $QQ
1HXURO   GRL10100DQD1000 3XE0HG 0
 /LHP ) +XUVFKOHU 0$ -lQFNH / 0H\HU 0 01 2Q WKH SODQXP
WHPSRUDOH ODWHUDOL]DWLRQ LQ VXSUDVHJPHQWDO 6SHHFK SHUFHSWLRQ
(YLGHQFH IURP D VWXG\ LQYHVWLJDWLQJ EHKDYLRU VWUXFWXUH DQG IXQFWLRQ
+XP %UDLQ 0DS ,Q SUHVV
0 2EOHVHU - =LPPHUPDQQ - 9DQ 0HWHU - 5DXVFKHFNHU -3 00
0XOWLSOH VWDJHV RI DXGLWRU\ VSHHFK SHUFHSWLRQ UHIOHFWHG LQ HYHQWUHODWHG
I05, &HUHE &RUWH[ 1 1 GRL1010FHUFRUEKO1
3XE0HG 110
1 /DUVHQ -3 +¡LHQ 7 /XQGEHUJ , 2GHJDDUG + 10 05, HYDOXDWLRQ RI
WKH VL]H DQG V\PPHWU\ RI WKH SODQXP WHPSRUDOH LQ DGROHVFHQWV ZLWK
GHYHORSPHQWDO G\VOH[LD %UDLQ /DQJ  01 GRL
1010100;0001 3XE0HG 
 +XJGDKO . +HLHUYDQJ ( (UVODQG / /XQGHUYROG $ 6WHLQPHW] + HW DO
00 6LJQLILFDQW UHODWLRQ EHWZHHQ 05 PHDVXUHV RI SODQXP WHPSRUDOH
DUHD DQG GLFKRWLF SURFHVVLQJ RI V\OODEOHV LQ G\VOH[LF FKLOGUHQ
1HXURSV\FKRORJLD 1  GRL10101600000
3XE0HG 110
 /HRQDUG &0 9RHOOHU .. /RPEDUGLQR /- 0RUULV 0. +\QG *: HW DO
1 $QRPDORXV FHUHEUDO VWUXFWXUH LQ G\VOH[LD UHYHDOHG ZLWK PDJQHWLF
UHVRQDQFH LPDJLQJ $UFK 1HXURO 0 1 GRLDUFKQHXU
1000000100 3XE0HG 01
 %ORRP -6 *DUFLD%DUUHUD 0$ 0LOOHU &- 0LOOHU 65 +\QG *: 01
3ODQXP WHPSRUDOH PRUSKRORJ\ LQ FKLOGUHQ ZLWK GHYHORSPHQWDO G\VOH[LD
1HXURSV\FKRORJLD 1 11 GRL10101MQHXURSV\FKRORJLD
01001 3XE0HG 0
 %HVW 0 'HPE -% 1 1RUPDO SODQXP WHPSRUDOH DV\PPHWU\ LQ
G\VOH[LFV ZLWK D PDJQRFHOOXODU SDWKZD\ GHILFLW 1HXURUHSRUW 10
01 GRL1010000011000000 3XE0HG
100
 +HLHUYDQJ ( +XJGDKO . 6WHLQPHW] + ,QJH 6PLHYROO $ 6WHYHQVRQ - HW
DO 000 3ODQXP WHPSRUDOH SODQXP SDULHWDOH DQG GLFKRWLF OLVWHQLQJ LQ
G\VOH[LD 1HXURSV\FKRORJLD  1011 GRL10101
60000000 3XE0HG 110
 5RELFKRQ ) /HYULHU 2 )DUQDULHU 3 +DELE 0 000 'HYHORSPHQWDO
G\VOH[LD DW\SLFDO FRUWLFDO DV\PPHWULHV DQG IXQFWLRQDO VLJQLILFDQFH (XU
- 1HXURO   GRL1010M1110000000[ 3XE0HG
1001
 /HRQDUG & (FNHUW 0 *LYHQ % 9LUJLQLD % (GHQ * 00 ,QGLYLGXDO
GLIIHUHQFHV LQ DQDWRP\ SUHGLFW UHDGLQJ DQG RUDO ODQJXDJH LPSDLUPHQWV
LQ FKLOGUHQ %UDLQ 1  GRL1010EUDLQDZO 3XE0HG
101
 'DOE\ 0$ (OEUR & 6W¡GNLOGH-¡UJHQVHQ + 1 7HPSRUDO OREH
DV\PPHWU\ DQG G\VOH[LD DQ LQ YLYR VWXG\ XVLQJ 05, %UDLQ /DQJ 
1 GRL10100EUOQ11 3XE0HG 0
0 %UDPEDWL 60 7HUPLQH & 5XIILQR 0 6WHOOD * )D]LR ) HW DO 00
5HJLRQDO UHGXFWLRQV RI JUD\ PDWWHU YROXPH LQ IDPLOLDO G\VOH[LD
1HXURORJ\   GRL101101:1/0000100((
3XE0HG 1
1 9LQFNHQERVFK ( 5RELFKRQ ) (OLH] 6 00 *UD\ PDWWHU DOWHUDWLRQ LQ
G\VOH[LD FRQYHUJLQJ HYLGHQFH IURP YROXPHWULF DQG YR[HOE\YR[HO 05,
DQDO\VHV 1HXURSV\FKRORJLD  1 GRL10101
MQHXURSV\FKRORJLD0000 3XE0HG 1010
 6LODQL * )ULWK 8 'HPRQHW -) )D]LR ) 3HUDQL ' HW DO 00 %UDLQ
DEQRUPDOLWLHV XQGHUO\LQJ DOWHUHG DFWLYDWLRQ LQ G\VOH[LD D YR[HO EDVHG
PRUSKRPHWU\ VWXG\ %UDLQ 1 1 GRL1010EUDLQDZK
3XE0HG 1
 6WHLQEULQN & 9RJW . .DVWUXS $ 0OOHU +3 -XHQJOLQJ )' HW DO 00
7KH FRQWULEXWLRQ RI ZKLWH DQG JUD\ PDWWHU GLIIHUHQFHV WR GHYHORSPHQWDO
G\VOH[LD LQVLJKWV IURP '7, DQG 9%0 DW 0 7 1HXURSV\FKRORJLD 
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
3/26 21( _ ZZZSORVRQHRUJ 1 2FWREHU 01 _ 9ROXPH  _ ,VVXH 10 _ H
101 GRL10101MQHXURSV\FKRORJLD00001 3XE0HG
11
 .URQELFKOHU 0 :LPPHU + 6WDIIHQ : +XW]OHU ) 0DLU $ HW DO 00
'HYHORSPHQWDO G\VOH[LD JUD\ PDWWHU DEQRUPDOLWLHV LQ WKH
RFFLSLWRWHPSRUDO FRUWH[ +XP %UDLQ 0DSS  1 GRL10100
KEP0 3XE0HG 1
 5LPURGW 6/ 3HWHUVRQ '- 'HQFNOD 0% .DXIPDQQ :( &XWWLQJ /(
010 :KLWH PDWWHU PLFURVWUXFWXUDO GLIIHUHQFHV OLQNHG WR OHIW SHULV\OYLDQ
ODQJXDJH QHWZRUN LQ FKLOGUHQ ZLWK G\VOH[LD &RUWH[   GRL
10101MFRUWH[00000 3XE0HG 1
 .OLQJEHUJ 7 +HGHKXV 0 7HPSOH ( 6DO] 7 *DEULHOL -' HW DO 000
0LFURVWUXFWXUH RI WHPSRURSDULHWDO ZKLWH PDWWHU DV D EDVLV IRU UHDGLQJ
DELOLW\ HYLGHQFH IURP GLIIXVLRQ WHQVRU PDJQHWLF UHVRQDQFH LPDJLQJ
1HXURQ  00 GRL101016000011 3XE0HG
1010
 'HXWVFK *. 'RXJKHUW\ 5) %DPPHU 5 6LRN :7 *DEULHOL -' HW DO
00 &KLOGUHQ¶V UHDGLQJ SHUIRUPDQFH LV FRUUHODWHG ZLWK ZKLWH PDWWHU
VWUXFWXUH PHDVXUHG E\ GLIIXVLRQ WHQVRU LPDJLQJ &RUWH[ 1 
GRL101016001000 3XE0HG 1100
 5LFKDUGV 7 6WHYHQVRQ - &URXFK - -RKQVRQ /& 0DUDYLOOD . HW DO
00 7UDFWEDVHG VSDWLDO VWDWLVWLFV RI GLIIXVLRQ WHQVRU LPDJLQJ LQ
DGXOWV ZLWK G\VOH[LD $-15 $P - 1HXURUDGLRO  1111 GRL
101DMQU$100 3XE0HG 10
 3DXOHVX ( )ULWK 8 6QRZOLQJ 0 *DOODJKHU $ 0RUWRQ - HW DO 1 ,V
GHYHORSPHQWDO G\VOH[LD D GLVFRQQHFWLRQ V\QGURPH" (YLGHQFH IURP
3(7 VFDQQLQJ %UDLQ 11 11 GRL1010EUDLQ1111
3XE0HG 
0 /XGHUV ( *DVHU & -DQFNH / 6FKODXJ * 00 $ YR[HOEDVHG
DSSURDFK WR JUD\ PDWWHU DV\PPHWULHV 1HXUR,PDJH   GRL
10101MQHXURLPDJH00010 3XE0HG 11
1 'HUIOLQJHU 6 6RUJ & *DVHU & 0\HUV 1 $UVLF 0 HW DO 011 *UH\
PDWWHU DWURSK\ LQ $O]KHLPHU¶V GLVHDVH LV DV\PPHWULF EXW QRW ODWHUDOL]HG
- $O]KHLPHUV 'LV   3XE0HG 1
 7DNDR + $EH 2 <DPDVXH + $RNL 6 6DVDNL + HW DO 011 *UD\ DQG
ZKLWH PDWWHU DV\PPHWULHV LQ KHDOWK\ LQGLYLGXDOV DJHG 1 \HDUV D
YR[HOEDVHG PRUSKRPHWU\ DQG GLIIXVLRQ WHQVRU LPDJLQJ VWXG\ +XP
%UDLQ 0DSS  11 GRL10100KEP11 3XE0HG
0
 2OGILHOG 5& 11 7KH DVVHVVPHQW DQG DQDO\VLV RI KDQGHGQHVV WKH
(GLQEXUJK LQYHQWRU\ 1HXURSV\FKRORJLD  11 GRL
1010100100 3XE0HG 11
 5DYHQ -& 1 3URJUHVVLYH PDWULFHV $ SHUFHSWXDO WHVW RI
LQWHOOLJHQFH /RQGRQ +. /HZLV
 /HIDYUDLV 3 (G 1 /H WHVW GH O¶$ORXHWWH 3DULV (GLWLRQ GX &HQWUH
GH 3V\FKRORJLH $SSOLTXpH
 -DFTXLHU5RX[ 0 9DOGRLV 6 =RUPDQ 0 /HTXHWWH & 3RXJHW * 00
2'('<6  XQ RXWLO GH GpSLVWDJH GHV G\VOH[LHV YHUVLRQ  *UHQREOH 
/DERUDWRLUH FRJQLVFLHQFHV ,8)0 GH *UHQREOH
 $VKEXUQHU - )ULVWRQ .- 000 9R[HOEDVHG PRUSKRPHWU\ ± 7KH
PHWKRGV 1HXUR,PDJH 11 01 GRL10101
61011001 3XE0HG 1000
 $VKEXUQHU - )ULVWRQ .- 00 8QLILHG VHJPHQWDWLRQ 1HXUR,PDJH 
1 GRL10101MQHXURLPDJH00001 3XE0HG 1
 5DMDSDNVH -& *LHGG -1 5DSRSRUW -/ 1 6WDWLVWLFDO DSSURDFK WR
VHJPHQWDWLRQ RI VLQJOHFKDQQHO FHUHEUDO 05 LPDJHV ,((( 7UDQV 0HG
,PDJLQJ 1 11 GRL10110 3XE0HG 101
0 7RKND - =LMGHQERV $ (YDQV $ 00 )DVW DQG UREXVW SDUDPHWHU
HVWLPDWLRQ IRU VWDWLVWLFDO SDUWLDO YROXPH PRGHOV LQ EUDLQ 05,
1HXUR,PDJH   GRL10101MQHXURLPDJH00000
3XE0HG 1
1 $VKEXUQHU - )ULVWRQ .- 1 1RQOLQHDU VSDWLDO QRUPDOL]DWLRQ XVLQJ
EDVLV IXQFWLRQV +XP %UDLQ 0DSS   GRL10100
6,&,10011 3XE0HG 100
 )ULVWRQ .- )ULWK &' )UDFNRZLDN 56 7XUQHU 5 1 &KDUDFWHUL]LQJ
G\QDPLF EUDLQ UHVSRQVHV ZLWK I05, D PXOWLYDULDWH DSSURDFK
1HXURLPDJH  11 GRL10100QLPJ1101 3XE0HG

 7]RXULR0D]R\HU 1 /DQGHDX % 3DSDWKDQDVVLRX ' &ULYHOOR ) (WDUG 2
HW DO 00 $XWRPDWHG DQDWRPLFDO ODEHOLQJ RI DFWLYDWLRQV LQ 630 XVLQJ
D PDFURVFRSLF DQDWRPLFDO SDUFHOODWLRQ RI WKH 01, 05, VLQJOHVXEMHFW
EUDLQ 1HXURLPDJH 1  GRL10100QLPJ0010 3XE0HG
111
 /DQFDVWHU -/ 6XPPHUOLQ -/ 5DLQH\ / )UHLWDV &6 )R[ 37 1 7KH
7DODLUDFK 'DHPRQ $ GDWDEDVH VHUYHU IRU 7DODLUDFK $WODV ODEHOV
1HXURLPDJH  6
 /DQFDVWHU -/ :ROGRUII 0* 3DUVRQV /0 /LRWWL 0 )UHLWDV &6 HW DO
000 $XWRPDWHG 7DODLUDFK DWODV ODEHOV IRU IXQFWLRQDO EUDLQ PDSSLQJ
+XP %UDLQ 0DSS 10 1011 GRL101001001000010
3XE0HG 1011
 %UHWW 0 $QWRQ -/ 9DODEUHJXH 5 3ROLQH -% 00 5HJLRQ RI LQWHUHVW
DQDO\VLV XVLQJ DQ 630 7RROER[ 1HXUR,PDJH 1
 +HUYp 3< &ULYHOOR ) 3HUFKH\ * 0D]R\HU % 7]RXULR0D]R\HU 1
00 +DQGHGQHVV DQG FHUHEUDO DQDWRPLFDO DV\PPHWULHV LQ \RXQJ
DGXOW PDOHV 1HXUR,PDJH  1010 GRL10101MQHXURLPDJH
00001 3XE0HG 111
 (FNHUW 0$ /RPEDUGLQR /- :DOF]DN $5 %RQLKOD / /HRQDUG &0 HW DO
00 0DQXDO DQG DXWRPDWHG PHDVXUHV RI VXSHULRU WHPSRUDO J\UXV
DV\PPHWU\ FRQFRUGDQW VWUXFWXUDO SUHGLFWRUV RI YHUEDO DELOLW\ LQ FKLOGUHQ
1HXUR,PDJH 1 1 GRL10101MQHXURLPDJH00000
3XE0HG 10
 .DVW 0 %H]]ROD / -lQFNH / 0H\HU 0 011 0XOWL DQG XQLVHQVRU\
GHFRGLQJ RI ZRUGV DQG QRQZRUGV UHVXOW LQ GLIIHUHQWLDO EUDLQ UHVSRQVHV
LQ G\VOH[LF DQG QRQG\VOH[LF DGXOWV %UDLQ /DQJ 11 11 GRL
10101MEDQGO011000 3XE0HG 110
0 %HOLQ 3 =DWRUUH 5- /DIDLOOH 3 $KDG 3 3LNH % 000 9RLFHVHOHFWLYH
DUHDV LQ KXPDQ DXGLWRU\ FRUWH[ 1DWXUH 0 01 GRL
1010000 3XE0HG 10
1 &KDUHVW , 3HUQHW & /DWLQXV 0 &UDEEH ) %HOLQ 3 01 &HUHEUDO
SURFHVVLQJ RI YRLFH JHQGHU VWXGLHG XVLQJ D FRQWLQXRXV FDUU\RYHU I05,
GHVLJQ &HUHE &RUWH[   GRL1010FHUFRUEKV00
3XE0HG 00
 /DWLQXV 0 %HOLQ 3 011 +XPDQ YRLFH SHUFHSWLRQ &XUU %LRO 1 51
51 GRL10101MFXE01010 3XE0HG 1
 *URVVPDQQ 7 2EHUHFNHU 5 .RFK 63 )ULHGHULFL $' 010 7KH
GHYHORSPHQWDO RULJLQV RI YRLFH SURFHVVLQJ LQ WKH KXPDQ EUDLQ 1HXURQ
  GRL10101MQHXURQ0100001 3XE0HG 00
 *ODVHO + /HUR\ ) 'XERLV - +HUW]3DQQLHU / 0DQJLQ -) HW DO 011 $
UREXVW FHUHEUDO DV\PPHWU\ LQ WKH LQIDQW EUDLQ WKH ULJKWZDUG VXSHULRU
WHPSRUDO VXOFXV 1HXUR,PDJH  1 GRL10101MQHXURLPDJH
011001 3XE0HG 1
 %HOLQ 3 =DWRUUH 5- $KDG 3 00 +XPDQ WHPSRUDOOREH UHVSRQVH WR
YRFDO VRXQGV &RJQ %UDLQ 5HV 1 1 GRL10101
601001000 3XE0HG 11
 YRQ .ULHJVWHLQ . (JHU ( .OHLQVFKPLGW $ *LUDXG $/ 00 0RGXODWLRQ
RI QHXUDO UHVSRQVHV WR VSHHFK E\ GLUHFWLQJ DWWHQWLRQ WR YRLFHV RU YHUEDO
FRQWHQW %UDLQ 5HV &RJQ %UDLQ 5HV 1  GRL10101
60100000;
 =DWRUUH 5- %RXIIDUG 0 %HOLQ 3 00 6HQVLWLYLW\ WR DXGLWRU\ REMHFW
IHDWXUHV LQ KXPDQ WHPSRUDO QHRFRUWH[ - 1HXURVFL   GRL
101-1(8526&,000 3XE0HG 10111
 6FRWW 6. 5RVHQ 6 %HDPDQ &3 'DYLV -3 :LVH 5- 00 7KH QHXUDO
SURFHVVLQJ RI PDVNHG VSHHFK HYLGHQFH IRU GLIIHUHQW PHFKDQLVPV LQ
WKH OHIW DQG ULJKW WHPSRUDO OREHV - $FRXVW 6RF $P 1 11
3XE0HG 10
 'DUZLQ &- %UXQJDUW '6 6LPSVRQ %' 00 (IIHFWV RI IXQGDPHQWDO
IUHTXHQF\ DQG YRFDOWUDFW OHQJWK FKDQJHV RQ DWWHQWLRQ WR RQH RU WZR
VLPXOWDQHRXV WDONHUV - $FRXVW 6RF $P 11 1 GRL
10111111 3XE0HG 100
0 9HVWHUJDDUG 0' )\VRQ 15 3DWWHUVRQ 5' 00 7KH LQWHUDFWLRQ RI
YRFDO FKDUDFWHULVWLFV DQG DXGLELOLW\ LQ WKH UHFRJQLWLRQ RI FRQFXUUHQW
V\OODEOHV - $FRXVW 6RF $P 1 11111 GRL101111001
3XE0HG 10
1 $OWPDQQ &) %OHGRZVNL & :LEUDO 0 .DLVHU - 00 3URFHVVLQJ RI
ORFDWLRQ DQG SDWWHUQ FKDQJHV RI QDWXUDO VRXQGV LQ WKH KXPDQ DXGLWRU\
FRUWH[ 1HXUR,PDJH  11100 GRL10101MQHXURLPDJH
000100 3XE0HG 101
 $OWPDQQ &) +HQQLQJ 0 '|ULQJ 0. .DLVHU - 00 (IIHFWV RI IHDWXUH
VHOHFWLYH DWWHQWLRQ RQ DXGLWRU\ SDWWHUQ DQG ORFDWLRQ SURFHVVLQJ
1HXUR,PDJH 1  GRL10101MQHXURLPDJH00001
3XE0HG 11
 6KDUGD 0 6LQJK 1& 01 $XGLWRU\ SHUFHSWLRQ RI QDWXUDO VRXQG
FDWHJRULHV ± DQ I05, VWXG\ 1HXURVFLHQFH 1  GRL10101
MQHXURVFLHQFH0100 3XE0HG 
 .OHLQ 0( =DWRUUH 5- 011 $ UROH IRU WKH ULJKW VXSHULRU WHPSRUDO
VXOFXV LQ FDWHJRULFDO SHUFHSWLRQ RI PXVLFDO FKRUGV 1HXURSV\FKRORJLD
  GRL10101MQHXURSV\FKRORJLD0110100 3XE0HG
1
 =KDQJ / 6KX + =KRX ) :DQJ ; /L 3 010 &RPPRQ DQG GLVWLQFW
QHXUDO VXEVWUDWHV IRU WKH SHUFHSWLRQ RI VSHHFK UK\WKP DQG LQWRQDWLRQ
+XP %UDLQ 0DSS 1 110111 GRL10100KEP0 3XE0HG
000
 /RUHQ]L & 'XPRQW $ )OOJUDEH & 000 8VH RI WHPSRUDO HQYHORSH
FXHV E\ FKLOGUHQ ZLWK GHYHORSPHQWDO G\VOH[LD - 6SHHFK /DQJ +HDU 5HV
 11 3XE0HG 111
 5RFKHURQ , /RUHQ]L & )OOJUDEH & 'XPRQW $ 00 7HPSRUDO
HQYHORSH SHUFHSWLRQ LQ G\VOH[LF FKLOGUHQ 1HXURUHSRUW 1 11
GRL10100000100010000 3XE0HG 1
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
3/26 21( _ ZZZSORVRQHRUJ 1 2FWREHU 01 _ 9ROXPH  _ ,VVXH 10 _ H
 *RVZDPL 8 011 $ WHPSRUDO VDPSOLQJ IUDPHZRUN IRU GHYHORSPHQWDO
G\VOH[LD 7UHQGV &RJQ 6FL 1 10 GRL10101MWLFV01010001
3XE0HG 100
 +lPlOlLQHQ -$ 5XSS $ 6ROWpV] ) 6]FV $ *RVZDPL 8 01
5HGXFHG SKDVH ORFNLQJ WR VORZ DPSOLWXGH PRGXODWLRQ LQ DGXOWV ZLWK
G\VOH[LD $Q 0(* VWXG\ 1HXUR,PDJH  1 GRL10101
MQHXURLPDJH01100 3XE0HG 0010
100 )HVWHQ -0 3ORPS 5 10 (IIHFWV RI IOXFWXDWLQJ QRLVH DQG LQWHUIHULQJ
VSHHFK RQ WKH VSHHFK UHFHSWLRQ WKUHVKROG IRU LPSDLUHG DQG QRUPDO
KHDULQJ - $FRXVW 6RF $P  11 GRL10111100
3XE0HG 
101 :RQJ 3& 8SSXQGD $. 3DUULVK 7% 'KDU 6 00 &RUWLFDO
PHFKDQLVPV RI VSHHFK SHUFHSWLRQ LQ QRLVH - 6SHHFK /DQJ +HDU 5HV
1 10101 GRL101010000 3XE0HG 10
10 =HNYHOG $$ +HVOHQIHOG '- )HVWHQ -0 6FKRRQKRYHQ 5 00 7RS
GRZQ DQG ERWWRPXS SURFHVVHV LQ VSHHFK FRPSUHKHQVLRQ 1HXUR,PDJH
 11 GRL10101MQHXURLPDJH0001 3XE0HG
111
10 2EOHVHU - :LVH 5- $OH[ 'UHVQHU 0 6FRWW 6. 00 )XQFWLRQDO
LQWHJUDWLRQ DFURVV EUDLQ UHJLRQV LPSURYHV VSHHFK SHUFHSWLRQ XQGHU
DGYHUVH OLVWHQLQJ FRQGLWLRQV - 1HXURVFL   GRL101
-1(8526&,000 3XE0HG 1
10 'DYLV 0+ -RKQVUXGH ,6 00 +LHUDUFKLFDO SURFHVVLQJ LQ VSRNHQ
ODQJXDJH FRPSUHKHQVLRQ - 1HXURVFL  1 3XE0HG
110
&HUHEUDO 0RUSKRORJLFDO 3ODVWLFLW\ DQG '\VOH[LD
3/26 21( _ ZZZSORVRQHRUJ 1 2FWREHU 01 _ 9ROXPH  _ ,VVXH 10 _ H
